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Boat-Deck of the " Korea," Looking: Aft from the 
Bridge. 



Copyright 1900, Detroit Photographic Co. 

Steamship " Sierra " of the Oceanic Line. Route : San Francisco, Honolulu and Australia. 

Length, 400 feet; beam, 60 feet 2 inches; depth, 37 feet 2 inches; speed, 17 knots; tonnage, 6263 tons. 




Pacific nail Steamship "Korea." Route: Panama, San Francisco and Hong Kong. 

Length, 572 feet 4 inches; dejjth, 41 feet 10 inches; speed, 19 knots; tonnage, 11,276. 



Engine Room of the "Korea." 





Music Room, "Korea." Boat-Deck of the "Korea," Looking Forward. 

LATEST TYPES OF AMEBICAff-BUILT PASSENGER STEAMERS. 
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THE AMERICAN MERCHANT MARINE. 
In almost every review of the American merchant 
marine that has been written during the four decades 
which have passed since the great civil war, all com- 
parisons of our standing and progress have referred 
back to the year 1861, in which the total tonnage of 
the United States had reached the figure, particularly 
remarkable for such an early day, of 5,539,813 tons. 
The war almost swept our merchant marine out of 
existence, such of it as was not hastily transferred 
to the protection of a foreign flag being captured or 
sunk by Confederate cruisers; and it has taken just 
forty-one years for our shipping to reach the standard 
of comparison of 1861. Id 1902, for the first time we 
have passed the earlier mark, the total tonnage, for- 
eign, coasting and fisheries, sail and steam, amounting 
to 5,797,902 tons. Prom 1898 to 1902 the world has 
witnessed a period of extraordinary shipbuilding 
activity, in which our own shipbuilding yards have 
shared, the average annual output for this period being 
some 400,000 gross tons. The revival in our shipping 
industry is to be attributed primarily to the encourage- 
ment given by the government when it set about the 
great work of constructing our new navy. In anticipa- 
tion of a steady run of work on government ships, 
new plants equipped with the most modern appliances 
were laid down, and with the experience in steel ship- 
building thus acquired, our yards were soon in a 
position to receive orders for merchant ships also. 

Although the present article is devoted particularly 
to the merchant marine, the totals given above include 
every kind of shipping, whether coast line, inland 
river, lake or foreign, and before proceeding further it 
will be of interest to :?ive the geographical distribution 
and the nature of this tonnage as printed in the Report 
for 1902, of the Commissioner of Navigation. The 
distribution is as follows: Atlantic and Gulf coasts, 
2,978,876; Porto Rico, 6,180; Pacific coast, 741,825; 
Hawaiian Islands, 32,386; Northern Lakes, 1,816,511; 
and on the western rivers, 222,124 tons. Of the total 
shipping, 2,621,000 tons consists of sailing vessels 
and 3,177,000 tons of steamships; while the balance, to 
the extent of 679,000 tons, is made up of canal boats 
and barges. 

To-day the shipbuilding industry is in a flourishing 
condition. . During the past year 1,491 vessels of a 
gross tonnage of 468,831 were built in this country. A 
list of all vessels of a thousand tons and upward, built 
during the year, shows that there were launched for the 
merchant marine sixteen vessels ranging from 2,036 to 
12,760 tons, making a total tonnage of 95,105 tons. Five 
steel ferry, river and bay steamers were built, of a 
total tonnage of 5,479 tons, and seven square-rigged ves- 
sels, aggregating 12,336 tons, together with twenty- 
one wooden schooners, aggregating 36,122 tons, and 
four rigged barges of 7,359 tons. It is interesting to 
compare these totals with those of the Great Lakes. 
The total seaboard tonnage in vessels of a thousand tons 
and over included fifty-three vessels of 156,431 tons, 
while the total tonnage built on the Great Lakes was 
made up of forty-one vessels of a gross tonnage of 158,- 
631 tons, thus showing that in point of total tonnage, 
shipping on the Great Lakes exceeded in new construc- 
tion last year that built for the deep sea service. 
Among the vessels included in these totals are the 
"Kroonland," of 12,760 tons — the largest ocean steamer 
ever built in this country. The sister ship, the "Pin- 
land," was launched during the year and is now in 
service. The "Korea," of 11,276 tons and 19 knots 
speed, launched last year and now in service, has 
been followed this year by her sister ship the "Siberia." 
These two are the largest and fastest merchant steam- 
ers of any nationality running on the Pacific Ocean. 
Another notable fact is that the two largest cargo 
steamers ever built in America, the "Shawmut" and the 
"Tremont," both of 9,606 tons, are plying regularly on 
their routes between Puget Sound, Japan, China and 
Manila; while another notable fact is that the 
"Alaskan," of 8,716 tons, built at San Francisco and 
now trading between Hawaii and the Atlantic coast, 
is the largest merchant steamer ever launched on the 
Pacific Ocean. Another noteworthy vessel is the seven- 
masted schooner "Thomas W. Lawson," of 5,218 gross 
tons, which is the largest schooner and the ' second 
largest sailing vessel in the world. 

At the commencement of the fiscal year, there were 
under construction or contracted for, in our yards 
twenty-five steel steamships of 1,000 tons and upward. 
For the transatlantic trade there were seven large ves- 
sels, which included two 600-foot ships for the Atlantic 
Transport Line, of 13,400 tons; the "Finland," of 12,760 
tons, for the International Navigation Company; the 
"Missouri" and "Maine," of 9,800 tons, for the Atlantic 
Transport Line; and for the same line, two vessels of 
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8,900 tons, making a total of 76,960 tons for this trade. 
For the Trans-Pacific trade, there were two great ves- 
sels of 20,000 tons building at New London, Conn., to 
sail under the flag of the Great Northern Steamship 
Company. For the Trans-Pacific trade by way of 
Hawaii there was building the "Siberia" of 11,276 tons, 
to sail under the flag of the Pacific Mail Company; 
while for the Hawaiian coasting trade, two vessels of 
8,600 tons were under construction. For the coasting 
trade there was a 9,000-ton vessel for the Standard Oil 
Company, a 6,250-ton vessel for the New York and 
Texas Steamship Company, and a 5,252-ton ship for 
the Ocean Steamship Company, in addition to nine ves- 
sels of from 1,000 to 4,577 tons, making at total under 
construction for the coasting trade of 48,679 tons. 

In considering the important question of the man- 
ning of our ships, it is gratifying to learn that there 
is a marked increase in the percentage of American over 
seamen of foreign nationality. The returns compiled 
from the reports of shipping commissioners showing 
the nationality of seamen shipped on American vessels 
for the past nine years, prove that there has been an 
increase in the percentage of Americans from 31 per 
cent in 1894 to 35 per cent in 1901, and to 46 per cent 
in 1902. Out of a total of over 71,000 shipped in 1894, 
22,000 were Americans, 22,000 Scandinavian, 10,000 
British, 6,000 Germans, 865 Italians . and 628 were 
French; while various other nationalities together rep- 
resented a total of 9,000. In 1902, out of a total of 
over 108,000 shipped, 50,000 were Americans, 16,000 
Scandinavians, 14,000 British, 5,600 Germans, 2,300 
Italians, 576 French, and there were about 20,000 of 
mixed nationality. It must be understood that while 
there is a total of about 108,000 shipments, they really 
represent only about 24,000 seamen. Further proof of 
the greater interest of Americans in their merchant 
marine and their tendency to seek employment therein 
is afforded by a table given by the Commissioner of 
Navigation, showing the nativity of men employed on 
654 sea-going American vessels. Out of a total of 
13,879 men, 5,455 are Americans by birth or naturaliza- 
tion, 2,347 ar.e British, and. the balance is made up of 
various nationalities. As the table does not include 
the masters of these vessels, all of whom must be 
citizens, it may be said that of the whole complement 
of these vessels, amounting to 14,536, forty-two per 
cent were Americans. 

SOME NOTABLE PASSENGER STEAMERS RECENTLY CON- 
STRUCTED FOR OUR FOREIGN TRADE. 

We have selected for illustration a few of the more 
notable of the passenger steamers recently constructed 
in American yards for our foreign steamship com- 
panies, and in this connection we give a list of the 
principal deep-sea shipping companies, in this country, 
showing the number of vessels owned by each, their 
gross tonnage, and the main routes on which they are 
employed. Of the vessels herewith illustrated, the 
largest, and because of the unexpectedly high speed 
developed the most notable, is the "Korea," one of 



TABLE SHOWING NUMBER AND TOTAL TONNAGE OF AMERICAN- 
BUILT SHIPS IN THE VARIOUS ROUTES. 



Name. 


No. 
Ves- 
sels. 


Gross 
Tons. 


Main Routes. 


International Navi- 






New York — Southampton. 




10 


81,939 


A ntwcrp. 
San Franeisco — Panama. 


Paciflc Mail 


17 


70,970 








Honolulu. 








Hongkong. 


New York and Cuba 






New York— Havana. 


Mail 


16 


59.465 


Mexico. 


American Hawaiian. 


9 


58,000 


New York— San Francisco. 
Honolulu. 


Southern Tae nc. .. 


18 


55,993 


New York— New Orleans. 
Galveston. 
H avana. 




18 


41,528 


New York— Santo Domingo. 
Philadelphia. . 












Jacksonville. 


Merchants & Miners. 


16 


34,460 


Baltimore —Boston. 


New York & 1 exas 


10 


31,93'. 


New York— Galveston. 


Massachusetts SS. Co. 


5 


3 ,135 


Puget Sound— China. 
Japan. 
San Francisco — Honolulu. 


Oceanic (Spreckels) . . 


7 


30,296 








Australia. 


Old Dominion ... 


30 


27,890 


Baltimore— Boston. 


Pacific Coast SS. Co.. 


13 


2i,848 


San Francisco— Mexico. 

Brit. Colum. 


Atlantic & Caribbean 


5 


9,398 


New York— Porto Rico. 
Venezuela. 


North American Mail 


3 


9.150 


Puget Sound— Japan. 
China. 
Hongkong. 


American Mail 


4 


8,400 


Philadelphia! Jllraataa - 
New York— Colon. 


Panama Railway. 


3 


8,193 


Ocean Steamship Co.. 


5 


15,914 


New York— Savannah. 


U. S. & Porto Rico SS. 








Co 


6 


15,318 


New York— Porto Rico. 


Metropolitan Steam- 








ship Co 


6 


14,505 


Coasting. 


Cromwell Steamship 








Co 


4 


14,155 


New York — New Orleans. 


Boston & Phila. SS. 






Co 


7 


11,544 


Boston— Philadelphia. 





two sister ships built by the Newport News Shipbuild- 
ing Company for the Pacific Mail Steamship Company, 
in service between San Francisco, Japan and China. 
She has shown an average sea speed on the Pacific 
of 17.78 knots an hour. She is 572 feet 4 inches in 
length, 41 feet 10 inches in molded depth, and on a 
draft of 27 feet she has a displacement of 18,400 tons 
She has a coal bunker capacity of 2,600 tons and is 
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driven by twin engines of vertical, inverted, quadruple- 
extension type, with cylinders, 35, 50, 70 and 100 inches 
in diameter, and 66 inches stroke. Upon the trial "trip 
they indicated 17,902 horse power and drove the ship 
during the trial at a speed of 18 to 19 knots an 
hour. The boiler plant consists of six double-ended 
and two single-ended Scotch boilers arranged in two 
compartments. The boiler pressure is 200 pounds. 
The vessel contains accommodations for 210 first-class 
passengers, while the steerage has accommodations for 
54 white passengers and 1,144 Chinese. Limitations 
of space prevent any detailed descriptions of the ac- 
commodations and reference is made to the accom- 
panying illustrations, which explain themselves. As 
will be seen from the deck views, there is ample 
promenade space afforded on the boat deck. This 
vessel will shortly be joined on the route by a sister 
ship, the "Siberia." The fleet of the Pacific Mail Steam- 
ship Company contains seventeen American-built ves- 
sels with a total of 70,970 tons. 

Although the most speedy of passenger vessels re- 
cently constructed, the "Korea" is not so large as the 
"Kroonland," the "Korea" being of 11,276 tons, and the 
"Kroonland" is 12,760 tons. The "Kroonland" and her 
sister ship the "Finland" were built at Cramps' yard, 
Philadelphia, Pa., for the International Navigation 
Company. She is a steel vessel of an over-all length of 
580 feet, a molded breadth of 60 feet and a molded 
depth of 42 feet, while her displacement is 23,100 tons. 
She is driven at a speed of 17 knots by two sets of 
triple-expansion engines with cylinders 32%, 54 and 
89% inches, by 42 inches stroke. Their indicated 
horse power is 10,200. The boiler plant consists of 
nine single ended Scotch boilers working under a pres- 
sure of 170 pounds. Their heating surface is 22,400 
square feet, and their grate area 643 square feet. The 
passengers are carried on the promenade, the upper 
and saloon decks amidships. There are berths for 364 
first-class passengers, 190 second-class possengers and 
about 1,000 third-class passengers. These fine vessels 
are sister ships to the "Vaderland" and- the "Zeeland," 
which were built on the Clyde for the same company 
in 1900. The fleet of the International Navigation 
Company consists of twenty-four ships of 180,639 total 
tonnage. Of these, ten ships, of 81,929 tons, fly the 
American flag. 

One of the largest and most efficient steamship com- 
panies operating on the Pacific is the Oceanic Steam- 
ship Company, who for a great many years worked 
their service to Honolulu, New Zealand and Australia 
by two ships, the "Alameda" and "Mariposa," built at 
the Cramps' yard. With the rapid expansion of our 
southwestern Pacific trade the company completely 
overhauled these two vessels and gave an order to the 
Cramps for three much larger and faster sister ships, 
one of which, the "Sierra," is herewith illustrated. 
This very handsome craft is a twin-screw ship of 6,253 
tons. She is 400 feet long, 50 feet 2 inches broad and 
has a molded depth to the spar deck of 37 feet 2 inches. 
Her engines are of the triple-expansion vertical type, 
with cylinders 28, 46 and 75 inches diameter by 48 
inches stroke, with a. total indicated horse power of 
8,000 and capable of driving the ship at a speed of 17 
knots an hour. The distance from San Francisco via 
Honolulu, Samoan Islands, and New Zealand is 7,200 
knots, and the trip is made at an average speed of 
15 knots for the whole distance. These vessels wers 
constructed under Lloyds' rules and in accordance with 
the requirements of the United States Navy laws as 
regards auxiliary cruisers. They are of the very first 
class in every respect, having a double bottom, electric 
light, and cold storage. To render them thoroughly 
comfortable during the hot weather in crossing the 
line, there are no staterooms below the main deck, 
all of these being on the upper and promenade decks, 
and they are provided with specially large square port 
holes and a perfect system of ventilation. There is a 
particularly large deck space for promenading. A 
steamer sails from San Francisco to the Samoan 
Islands, New Zealand and Australia once in three 
weeks; to Honolulu every ten days; and to the island 
of Tahiti once a month. The fleet consists of seven 
steamers of a combined tonnage of 30,296. 

The increase in our trade with the West Indies conse- 
quent upon the Spanish war necessitated the construc- 
tion of several new vessels to meet the increased de- 
mand of both freight and passengers. As representative 
of these new vessels we present illustrations of that 
very fine ship "Morro Castle," a vessel of 6,004 tons 
gross and of 8,280 tons displacement. The "Morro Castle" 
is 416 feet long, 50 feet broad and 36% feet in molded 
depth. She was built by the Cramps in 1900. She is 
built with a double bottom and seven steel bulkheads 
to the main deck. The main engines are of the ver- 
tical, four-cylinder, triple-expansion type, designed to 
indicate 8,000 horse power at 100 revolutions under a 
working steam pressure of 170 pounds. The cylinders 
are 32, 52, 60 and 60 inches diameter by 42 inches 
stroke. Accommodations are provided for 104. first- 
class. 60 intermediate, and 44 second-class passengers, 
and the ship carries a crew of 117 persons. The average 
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sea speed of this vessel is 17 knots per hour. In closing 
this article, attention is drawn to the fact that the 
two largest and most important vessels building in 
American yards for an American company are the 
great unnamed vessels now upon the stocks at New 
London, Conn. As these remarkable vessels call for 
more lengthy treatment they are described in a sepa- 
rate article of this issue. 



THE TWO GREAT FREIGHTERS FOR THE PACIFIC 
TRADE. 

It is a curious fact that the two most nc.^ble ships 
under construction in American yards for the Ameri- 
can merchant service are probably the two least 
known to the American public. This is to be explained 
by the fact that both the owners and the builders of 
these ships have gone about their great task in a 
very quiet way, and made no effort to draw attention 
to its importance, and the somewhat unprecedented 
character of the enterprise which has called these ves- 
sels into existence. 

The last of the transcontinental lines to be built 
to a deep-sea terminus on the Pacific coast was the 
Great Northern Railroad. This road, which owes its 
existence to the energy of Mr. James J. Hill, is re- 
puted to be the best constructed and equipped trans- 
continental line across the United States; for being 
the latest to be constructed, it naturally embodies the 
most modern ideas and improvements in railroad con- 
struction. The road has a terminus at Seattle, perhaps 
the finest harbor on the Pacific coast, and it was nat- 
ural, in view of the easy grades, heavy steel and solid 
roadbed of the new line, and its consequent facilities 
for handling a voluminous and heavy traffic, that its 
owner should look to a furtherance of its- interests 
by building a line of steamers to share in the undoubt- 
edly large future trade with the Orient. An unex- 



We present an inboard profile of the vessel, with the 
various decks and compartments filled with freight 
or occupied by passengers and crew, as they will 
be when the vessel is traveling with a full cargo and 
passenger list; and from this drawing one gets a 
very graphic idea of the enormous proportions of the 
vessel. From the outer bottom to the navigating 
bridge there are no less than eleven distinct decks or 
platforms. First we have the outer bottom of the 
ship; 6 feet above that is the inner bottom, which 
forms the floor of the ship; then follow, all within the 
plated structure, the orlop, lower, between, main, 
and upper decks. All these decks are of steel plating, 
and the whole inclosed structure is 56 feet in height. 
Above the upper deck, and in their order, are the 
promena.de deck, the upper promenade deck, and the 
boat deck, the boat deck being 25 M. feet above the 
promenade deck, or 81% feet above the keel; while 
another 8 feet above this, or say 90 feet above the 
keel, is the navigating bridge. Now, since the vessel 
at her full draft will draw 33 feet, it follows that the 
navigating bridge will be 57 feet above the water- 
line; and since she draws only 17 feet in the light 
condition, the same bridge, when the vessel is running 
light, will be 73 feet above the water, and the passen- 
gers on the upper promenade deck will be 65 feet 
above the waterline. This means that at a medium 
draft of say 22 feet, the passengers can promenade 
at a height of 60 feet above the sea level. Now, it 
has been ascertained by observations that the very 
heaviest waves seldom exceed 30 feet in height; and 
hence passengers on these ships, even in the stormiest 
weather, will be able to look down upon the Pacific 
rollers from a point of observation 30 feet above their 
crests. The decks above the upper deck, which do 
not extend the full length of the vessel, but only for a 
certain distance amidships, are devoted entirely to the 



struction considerably stiffer and stronger than any 
vessels built for the American merchant marine. The 
outer plating of the ship's bottom is of 1%-inch steel, 
and the shell plating is strengthened by an additional 
strake of 1-inch plating at the main and upper decks, 
while continuous, 1-inch stringer plates are worked 
from stem to stern along these two decks as a stiffen- 
ing to the regular deck plating, which on the main 
deck is 16-20 of an inch in thickness, and on the 
upper deck is 18-20 of an inch. The ship is strength- 
ened against hogging and sagging strains by a continu- 
ous central, longitudinal bulkhead reaching from keel 
to upper deck. Longitudinal bulkheads have been 
used between adjacent engine rooms in other ships, 
but this is the first vessel that we know of that has a 
complete web of steel from upper deck to keel, and 
from stem to stern. This bulkhead is of %-inch 
plating at the top and bottom, and a %-inch plating 
throughout the intermediate decks. The vessel also 
receives great longitudinal strength from a new sys- 
tem of stanchions and girders. Instead of using a 
large number of ordinary pipe or tube stanchions 
spaced at frequent intervals, there are three lines of 
heavy box section stanchions, measuring 13x24 inches 
in section. These stanchions are spaced 20 feet apart, 
longitudinally, and the deck loads of the deck above 
them are carried by means of continuous lines of 
13x24-inch box girders. This is not only an economi- 
cal distribution of material, but it adds enormously 
to the longitudinal stiffness of the vessel. The longi- 
tudinal bulkheads necessitate double hatches, and 
there are in the ship no less than fourteen cargo 
hatches. As we have stated, the vessel is designed to 
meet the special requirements of the Oriental trade, 
and one pair of hatches is made of sufficient length 
to enable a locomotive to be lowered complete into 
the hold. Under a horse power of 11,000 the sea 
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THE AMERICAN-BUILT STEAMSHIPS" KR00NLAND " AND "FINLAND 1 ' OF THE INTERNATIONAL STEAMSHIP COMPANY. 

Length, 680 feet ; beam, 60 feet ; depth, 42 feet ; speed, 17 knots ; tonnage, 13,760 tons. 



pected feature of the new shipping venture was the 
enormous size of the ships that were proposed and 
quickly contracted for. For instead of these vessels 
being, as one would expect in what might be termed 
an infant enterprise, of moderate proportions, Mr 
Hill ordered two vessels which will be about equal in 
total carrying capacity to the largest vessels ever 
constructed. 

Another curious feature in connection with these 
ships is that an entirely new company, the Eastern 
Shipbuilding Company, was formed expressly for the 
purpose of constructing them, and that this company 
took the contract before it possessed plant, or equip- 
ment, or even the ground on which to build them. 
After a thorough survey of the Atlantic coast line, a 
site was chosen opposite New London, Conn. The 
vessels were designed by Mr. William A. Fairburn, 
naval architect, under the supervision of Mr. C. R. 
Hanscom. 

Apart from their great size, "the New London 
ships," as they are popularly called, embody several 
features of construction and internal arrangement 
which render them of special interest. Their dimen- 
sions are, length 630 feet, breadth 73 feet, and molded 
depth 56 feet. On a draft of 33 feet the displacement 
will be 33,000 tons, and on a maximum draft of 36% 
feet the displacement will be 37,000 tons, or within 
870 tons of the displacement of the "Cedric" on the 
same draft, the "Cedric" being the largest vessel 
afloat. In length and breadth the New London ships 
are less than the "Celtic" and "Cedric," which are 
700 feet in length by 75 feet in breadth; but the 
plated or molded depth will be greater by 6 feet 
8 inches, the plating being carried up everywhere to 
the upper deck, which is flush throughout the whole 
iength of the ship. The greater depth and more bulky 
model of the new ships account for their nearly equal- 
ing the longer and broader White Star boats in displace- 
ment. 



first and second class passenger accommodation. The 
passengers are not only separated from the noise and 
general inconvenience incident to the operation of the 
vessel; but being amidships, they are removed from the 
vibration of the propellers, and are subject to but little 
of the pitching motion of the vessel. Accommodations 
are provided for 150 first-class passengers, 100 second- 
class passengers, 100 third-class passengers and 1,000 
steerage. There are also quarters for the accommoda- 
tion of 1,200 troops. The total cargo capacity is 
20,000 tons. 

Referring to the inboard profile, the vessel is pro- 
portioned as follows: First we have the 6-foot double 
bottom, which contains the trimming and ballast tanks 
for trimming the vessel and giving her ample stability 
in the' light condition. The engine and boiler space and 
the coal bunkers are amidships, extending between the 
double bottom and the main deck. With the exception 
of the space occupied by engines, boilers and coal, the 
space below the main deck is given up entirely to cargo, 
one series of compartments on the boat being devoted to 
cold storage and the storage of silk from the Orient. 
The main deck forward of the engines and boilers is 
occupied by the crew, cargo and cattle, and the space 
aft of the engine is devoted to second-cabin passen- 
gers and to the steerage passengers. Forward on the 
upper deck is a deck-house filled with refrigerating 
machinery, and aft on this deck are the second cabin 
smoking room and ladies' room, while astern is the 
laundry and steering gear. Amidships on the main 
deck are the first-class dining saloon, lavatories, first 
cabin staterooms, galley, and the officers' rooms. On 
the promenade deck amidships are the library, a series 
of first-class passenger staterooms, and a children's 
room. On the upper promenade deck are the first cabin 
staterooms, smoking room and barber shop, while 
on the boat deck are the chart house and accommoda- 
tions for the captain and officers. 

It is claimed that the new vessels are in their con- 



speed of the ships is expected to be about 14 knots 
an hour. 



THE LATEST OF THE FAST TRANSATLANTIC LINERS. 

The "Kaiser Wilhelm II.," which will shortly sail 
for this port, was built at the Vulcan yards, Stettin, 
by the same firm that has built the "Kaiser Wil- 
helm der Grosse," the "Deutschland" and the "Kron- 
prinz." It is for this reason, and because of the 
uniformly good results obtained with these vessels, 
that the new ship is expected to develop the horse 
power and to show the high speed contracted for. In- 
deed, if she lives up to the record of her predecessors, 
she will greatly exceed her contract requirements in 
these respects. Her advent, moreover, should serve 
to settle all doubts as to whether high-speed transat- 
lantic liners of this type are paying investments. On 
a round trip made in the "Deutschland" of the Ham- 
burg-American Line by a representative of this jour- 
nal, a sum of $200,000 was taken in for passenger 
fares alone. As the total expenses including every 
fixed charge of the round trip were $100,000, or 
slightly under, there was a profit of about $100,000 for 
the single trip to Europe and back. 

The building of high-speed liners is first and last a 
business proposition, and although it has been claimed 
that the companies that run these vessels are willing to 
suffer a financial loss on the ships themselves, for the 
sake of the great prestige and the advertisement which 
they secure, it may be taken for granted that if the 
ships already constructed had not been a paying propo- 
sition per se, the "Kaiser Wilhelm II." would never 
have been built. 

The new vessel is constructed with the usual double 
bottom. The molded depth is 44 feet 2 inches, and it in- 
cludes four separate decks, the plating extending to 
the upper deck. This portion of the hull is divided 
by sixteen transverse bulkheads, all of which extend 
to the upper deck, while there is a longitudinal bulk- 
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Length, 680 feet ; breadth, 73 feet ; depth, moulded, 66 feet ; displacement on 83 feet draft, 38,000 tons ; on 36H feet draft, 37,000 tone. 
THE 30,000-TON STEAMSHIPS BUILDING AT NEW LONDON EOS THE GREAT NOBTHEBN STEAMSHIP COMPANY— PACIFIC TEADE. 

These vessels are only slightly exceeded in size by the " Celtic " and " Cedric," the largest vessels afloat. 
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head extending throughout ths 
length of the two engine rooms, 
thus forming four separate com- 
paitments for the engines. The 
large accommodations of the vessel 
are accounted for both by her great 
length and beam, and by the fact 
that she carries one deck more than 
is usual in vessels of this class. 
Above the upper deck, which is, as 
we have seen, flush with the top of 
the ship's plating, there is first a 
spar deck, carrying a midship deck- 
house which is 49 feet in breadth 
and 443 feet in length, and a poop- 
house which is 79 feet in length. 
The roof of the midship deck-house 
extends for the full width of the 
ship and reaches over the poop, 
which it entirely covers, thus form- 
ing a promenade deck, which is 538 
feet in length, I'pon this there is 
a deck-house 438 feet in length. 
Above this deck there is the upper 
promenade deck, and over this is 
the boat-deck. It will thus be seen 
that these four decks above the up- 
per deck provide several wide- and 
sheltered promenades at the sides 
of the deck-houses, a feature which 
will be greatly appreciated by those 
who have traveled on previous 
steamers when they carried a full 
passenger list. 

The dimensions of the "Kaiser 
Wilhelm II." are length 706'i feet, 
breadth 72 feet, molded depth 44 
feet 2 inches, and displacement 26,- 
000 tons. Comparing these figures 
with those given in the table for 
the other great transatlantic liners, 
it will be seen that she is 2% feet 

longer than the "Oceanic:" hut she has 3 feet less 
beam than the "Cedric" and about 10.000 less displace- 
ment than the latter ship. Her estimated speed of 




The dotted line indicates size of opening between hull and sternpost in the "Deutschland " (as first built) whose sternpost 
and rudder were earned, awav, last spring. Note the extension of ship's plating to sternpost across lower half of 
opening, with a view, td.streu&thehing construction and guarding against similar injury to " Kaiser Wilhelm II." 

THE PROPELLERS AND STERN CONSTRUCTION OF "KAISER WILHELM II.' 1 



dations for 554 people at one sitting. The great- 
est interest in this ship naturally centers in the 
engine and boiler rooms, and on the accompanying 



PARTICULARS OK'RKCKNT TRANS ATLANTIC LINKRS. 



Name of Ship. 

Ditto 

Lonjrth over all 

lircadtli 

Molded depth 

JMniljrllt 

Displacement 

Horse- power 

S| ced ... 



Lucinia. 



1893 
635 ft. 
65 ft. 3 in. 
41 ft. t; in. 
39 ft. 

19.000 tons 
30,000 

22.01 knots 



Kaiser 

Wilhelm der 

Grosse. 



1898 
648 ft. 6 in. 
66 ft. 
43 ft. 
28 ft. 

21,880 tons 

30,000 

23 knots 



Oceanic. 



1899 
704 ft. 
68 ft. 4 in. 
49 ft. 
32 ft. 6 in. 
28,500 tons 

27,000 
20.7 knots 



Deutseli- 
land 



1900 
1184 ft. 
67 ft. 
44 ft. 
2!)' ft. 
23,6211 tons 

38,01111 
23.5 knots 



Kroiuirin/, 
Williclm. 



1901 
063 ft. 

m ft. 

43 ft. 

29 ft. 
21,300 tons 

36,000 
23.5 knots 



Cedric. 



1902 
700 ft. 
75 ft. 
49 ft. 4 in. 
30 ft. 6 in. 
37,870 tons 

16,00(1 
16 knots 



Kaiser 
Wilhelm II. 



1902 
706 ft. 6 in. ' 
72 ft. 
44 ft. 2 in. 
29 ft. 
2i>,000 tons 

*40,00il 
•23.5 knots 



* Both likely to be exceeded iu service. 



23 Vi to 24 knots is half a knot greater than that of the 
next two fastest vessels, the "Deutschland" and the 
"Kronprinz Wilhelm." The ship will accommodate a 
largo number 
of passengers, 
775; being car- 
ried in the 
first class, 343 
in the second 
class, and 770 
in the third 
class. The 
ship's comple- 
ment is the 
largest of any 
ship in the 
world, consist- 
ing of 48 engi- 
n e e r s and 
greasers, 2 2 9 
stokers and 
trimmers, 17 
stewards and 
waiters, 61 
cooks and 46 
sailors. Other 
novelties are a 
children's sa- 
loon, a Vienna 
cafe and a grill 
room, placed 
on the upper- 
most deck of 
all. The first- 
class dining 
room will be 
the biggest 
afloat, having 
accommo- 



page we present a fine view of the engines as _they 
will appear when completely erected on board the 
ship. It became evident, both when the engines of the 




Length, 700^4 feet; breadth, 72 feet ; depth, 44 feet 2 niciieB ; displacement, 26,000 tons ; contract horse power, 40,000 ; estimated speed, 23H Euote, 
" XAISER WILHELM II." WHICH WILL BE THE FASTEST STEAMER AFLOAT. 



"Deutschland" were constructed and 
during their subsequent operation, 
that in them the builders of marine 
engines had reached the limit of 
desirable size. There are on that 
ship two engines, one on each shaft, 
and together they have indicated 
under favorable conditions as high 
as 38,000 horse power, or 19.000 
horse power on each shaft. When 
it was determined to make the 
"Kaiser Wilhelm II." the fastest 
vessel afloat, it was necessary to 
provide engines of 40,000 contract 
horse power, which, judging by the 
performance of previous engines, 
meant about 45,000 horse power in 
actual service. It was realized that 
this great power would have to be 
subdivided among more than two 
engines, in order to keep down the 
size and weight of individual parts. 
The plan determined upon was to 
use four engines in four separate 
water-tight compartments, two en 
gines being coupled in tandem on 
each shaft. As arranged, there is 
in each engine room a complete 
four-cylinder, quadruple-expansion 
engine working on three cranks. 
The accompanying view is taken 
from the front end of one pair of 
engines, and shows them in the rel- 
ative position they occupy in the 
ship. Steam is admitted to two 
high-pressure cylinders, 37.4 inches 
in diameter, which are set immedi- 
ately above the first intermediate 
cylinders, which are 49.2 inches 
in diameter, the common pis- 
ton-rod of these two cylinders 
being connected to a com- 
mon crank shaft. From the first intermediate the 
steam passes to the second intermediate adjoining it, 
which is 74.8 inches in diameter, and thence it is led 
to the low-pressure cylinder, which is 112.2 inches in 
diameter. The common stroke of the four cylinders 
is 70.8 inches. As may be imagined, the dimen- 
sions of the shafting are very large, the crank 
shaft of the forward engine being 20.87 inches 
in diameter, and that of the after engines 25' 
inches in diameter. Bach engine is provided with 
its own separate condenser, containing 11,732 square 
feet of cooling surface. The bronze screw pro- 
pellers are 22 feet 9 '/a inches in diameter. It should 
be mentioned that particular attention was paid to the 
construction of the crank and propeller shafting, the 
former being made of nickel-steel with a breaking 
strength of 38 1 /. tons per square inch, the complete 
crank of one set of -engines weighing in all 114 tons. 
The thrust shaft is also of nickel-steel, while the in- 
termediate shafts are of Siemens-Martin steel and the 
propeller shaft of crucible steel. The ingot for the 
propter shaft, which weighs 80 tons, was east with 
the contents of 1,768 steel-smelting crucibles, the 
work requiring the attention of 490 men for half an 

hour's time. 

The boiler 
installation is, 
of course, a 
very powerful 
one, and con- 
sists in all of 
nineteen sepa- 
rate boilers. In, 
the first boiler 
room there are 
three double- 
ended boilers, 
in the second 
boiler room 
three double- 
ended and 
three single- 
ended boilers, 
and the same 
in the third 
boiler room, 
while in the 
fourth or for- 
ward room 
there are three 
double - ended 
and one single- 
ended boilers. 
This arrange- 
ment has been 
chosen with a 
view to facili- 
a t i n g the 
transpor- 

tation of the 



) 1902 SCIENTIFIC AMERICAN, INC. 



o 



o 
> 
s 
m 
3J 
o 
> 




vO 



CO 

o 

© 

p 



r 

o 
P 



w 
n 

M 

e 

td 
W 

w 



o 
to 



ENGINES OF THE "KAISEE WILHELM IL" 



DECEMBER 13, KJ02. 



Scientific American 



393 



coal from the bunkers to the foot-plates — a most Im- 
portant consideration in a ship of this size. The boiler 
pressure adopted is 225 pounds per square inch. The 
total grate area is enormous, being 3,121 square feet, 
as is also the total heating surface of 107,643 square 
feet. 

It is an interesting fact that this new vessel will 
not make use of forced draft, but wi'l be driven en- 
tirely under natural draft, the North German Lloyd 
Company being strongly opposed to the use of forced 
draft in any form whatever. This, of course, necessi- 
tates a proportionately larger grate surface and heat- 
ing surface, and a more liberal allowance of space for 
boiler room installation. Thus the Hamburg- Ameri- 
can liner "Deutschland," which has indicated 38,000 
horse power under forced draft, has only 2,188 square 
feet of grate area, and 85,468 square feet of heating 
surface, as compared with the "Kaiser Wilhelm II.," 
which for a contract horse power of 38,000 to 40,000 
will require 50 per cent more grate surface, and about 
25 per cent more heating surface. It is easy to see 
from the figures we have given that the new ship is 



a giant unit, compared with which the figure of the 
average man seems puny. 

On the "Kronprinz Wilhelm," of the North German 
Lloyd Line, which steamship we have taken for the 
purpose of instituting our comparisons, some 19,800 
pounds of fresh meat and 14,300 pounds of- salt beef 
and mutton, in all 34,100 pounds of meat, are eaten dur- 
ing a single trip from New York to Bremen. This enor- 
mous quantity of meat has been pictured in the form 
of a single joint of beef, which, if it actually existed, 
would be somewhat less than 10 feet high, 10 feet long, 
and 5 feet wide. If placed in one end of a scale, it 
would require about 227 average men in the other end 
to tip the beam. 

For a single voyage the "Kronprinz Wilhelm" uses 
2.640 pounds of ham, 1,320 pounds of bacon, and 506 
pounds of sausage — in all, 4,466 pounds. Since most 
of this is pork, it may well be pictured in the form of 
a ham. That single ham is equivalent in weight to 374 
average hams. It is 7'/i feet high. 3 feet in diameter 
and 2 feet thick. 

The poultry eaten by the passengers of the steamer 



The potatoes required far outweigh any other single 
article of food contained in the storerooms; for their 
entire weight is 61,600 pounds. If it were possible to 
grow a single tuber of that weight, it would have a 
height of 14 feet and a diameter of 7 feet. 

The butter, too, if packed into a single tub, would 
assume large dimensions. This single tub would con- 
tain 6,600 pounds and would be 6 feet high. 

Of dried fruit, 2,640 pounds are eaten, and of fresh 
fruit 11,000 pounds, in all 37,400 pounds. If this fruit 
were all concentrated into a single pear, its height 
would be 7 feet, and the width at the thickest part 
5 feet. 

Whole lakes of liquids are drunk up by the thirsty 
passengers and crew. No less than 425 tons of fresh 
water are required, which occupy 14,175 cubic feet and 
would fill a tank 25 feet in diameter and 30 feet high. 
The 1,716 gallons of milk used for drinking and baking 
would be contained in a can 6 feet 1 inch in diameter 
and 11 *& feet high. The gallons and gallons of wines, 
liquors, and beer consumed should dishearten the most 
optimistic temperance advocate. Under the joyous ti- 




A GBAFHICAL C0MPABIS0N OF THE PROVISIONS OP A TRANSATLANTIC LINES. 



likely to exceed her contract horse power and speed 
by a very wide margin, and we fully expect that after 
a voyage or two she will be indicating not less than 
45,000 and possibly as high as 47,000 horse power, with 
a corresponding speed of 24 to 24 Vi knots an hour. 



PROVISIONING A LINEB FOB A SINGLE TBANS- 
ATLANTIC TBIP. 

The Book of Genesis does not record the tonnage of 
the huge vessel which finally stranded on Mount Ararat, 
after finishing the most wonderful voyage ever de- 
scribed in the annals of mankind. But it is quite safe 
to assume (.hat the dimensions of the Ark, that old-time 
floating storehouse, are exceeded in size by the largest 
ol steamships now crossing the Atlantic: 

Not the least striking evidence of the size of these 
modern monsters of the deep is afforded by the vast 
quantities of food which must be taken aboard for a 
single six-day trip across the Atlantic. For the 1,500 
passengers and the several hundred men constituting 
the crew, carloads of food and whole tanks of liquids 
are necessary. To enumerate in cold type the exact 
quantities of bread, meat, and vegetables consumed in 
?. weekly trip would give but an inadequate idea of the 
storing oit y of a modern liner. We have, there- 

fore, pi a picture which graphically shows by 

I'ompar th the average man the equivalent of the 

meat, j . and breadstuffs, as well as the liquors 

used. kind of food has been concentrated into 



during a trip to Bremen or New York weighs 4,840 
pounds. This being the turkey season of the year, sup- 
pose that we show these 4,840 pounds of poultry in the 
form of a turkey, dressed and ready for the oven. The 
bird would be a giant 10 feet long, 8 feet broad, and 5 
feet high. 

Sauerkraut, beans, peas, rice, and fresh vegetables 
are consumed to the amount of 25,320 pounds. Packed 
for market, these preserved and fresh vegetables would 
be contained in 290 baskets of the usual form, which 
piled up make a very formidable truncated pyramid. 

The quantity of eggs required is no less startling 
than the quantity of vegetables; for some 25,000 are 
needed to satisfy the '"ants of passengers and crew. 
Eggs are usually packed in cases, 30 dozen to the case. 
The "Kronprinz Wilhelm," when she leaves New York 
or Bremen, mmt therefore take on board 69 of these 
cases, which have been shown in a great pile, 23 cases 
high and three cases wide. 

The bakers of the ship find it necessary to use 33,000 
pounds of flour during the trip. In other words, 169 
barrels are stowed away somewhere in the hold of the 
big ship. 

Besides the foods already enumerated, 1,980 pounds 
of fresh iish and 330 pounds of salted fish are eaten 
during the six-day voyage. The (otal amount of 2,310 
pounds would be equivalent to a single blueflsh 20 feet, 
long, 5 feet in greatest diameter, and 1 '/a feet broad. 
Such a fish compares favorably in length, at least, with 
a goprl-sized whale. 



tie of "beverages" the following items are to be found 
In the purser's account-beck: 

Champagne 850 bottles. 

Claret 980 bottles. 

Madeira, sherry, etc 135 bottles. 

Rhine and Moselle wines 1,700 bottles. 

Hum and cordials 760 bottles. 

Mineral water 5,250 bottles. 

Beer in kegs 2.960 gallons. 

Beer in bottles 600 bottles. 

Suppose these things tc t":.i:_k were contained in 
one claret bottle. Some idea of the hugeness of this 
bottle may be gained when it is considered that its 
height would be over 24 feet and its diameter over 6 
feet. 

In order to cool the wines and the beer, as well as to 
preserve the fresh meats, vegetables, eggs and fruit, 33 
tons of ice are needed. That seems a small quantity, 
and, in truth, it is. But the "Kronprinz Wilhelm" ha-s 
also refrigerating machines, which have cut down the 
quantity of ice which it is necessary to take on board. 
The 33 tons of ice actually consumed, however, would 
make a column 37 feet high. 

Compared with these vast quantities of food, the live 
stock of Noah's Ark must pale into insignificance. It 
must not be fovgotten, however, that in provisioning a 
liner ;m allowance is made for accidents, which may 
prolong a voyage over many days, h'or thai reason 
not all, but only the major portion of the food taken 

aboard is consumed, 
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La.ke Tra.nsporta.tioi\. 

THE DEVELOPMENT OF TRANSPORTATION ON THE 
GREAT LAKES. 

BY WALDOS FAfft'ETT. 

The commercial chronicle of the United States rec- 
ords no more remarkable evolution than the develop- 
ment ot transportation on the Great Lakes, extending 
as it doss over little more than hall a century, yet 
cha racterized 
by a series of 



depth as the carrier previously described. The reduc- 
tion in length reduces the carrying capacity to 5,600 
tons, but each hull entails for construction an outlay 
of $20,000 less than that mentioned as the cost of the 
vessel 436 feet in length. 

Unfortunately, it has never been found possible to 
accurately measure the entire water-borne commerce 
of the Great Lakes, but the statistics compiled by the 
United States government officials at the Sault Ste. 




radical innova- 
tions in the 
types of craft 
employed. 

During the 
latter part of 
the last cen- 
tury the whole 
tendency on the 
Great Lakes, as 
in the realm 
o f saltwater 
shipping, was 
toward a grad- 
ual increase in 
the size of ves- 
sels. The ex- 
tent o f this 
progression is 
evidenced by 
the fact that 
in the ten years 
from 1890 to 
1900 the stand- 
a r d type of 
freight - carry- 
i n g steamer 
increased from 
approximately 

300 feet in length to a length of 500 feet, while 
the dead-weight carrying capacity was extended from 
2,500 to 7,000 gross tons. In other words, the steel 
steamer "Matoa," which at the opening of the final 
decade of the century was the largest freighter in 
service, was 290 feet in length, 40 feet beam and 21 
feet depth, whereas the steamer "John W. Gates," the 
vessel which upon her completion in 1900 marked the 
attainment of the maximum size in lake cargo carriers, 
is 498 feet in length, 52 feet beam and 30 feet molded 
depth. 

Of late, however, there has been a change of ideas 
as to the best size for lake cargo carriers. The con- 
struction of freighters, 500 feet in length, was aban- 
doned and there was a return to the vessel of more 
moderate size. Few, if any, of the vessels added to 
the lake fleet during the past year or two have exceeded 
450 feet in length, and a considerable number of the 
new ships are 
under 400 feet 
in length. 

The reason 
for this unex- 
pected change 
of policy is 
found in the 
navigation con- 
ditions on the 
Great Lakes. 
The 500 - foot 
ship was plan- 
ned in the day 
when a channel 
twenty feet in 
depth through- 
out the entire 
length of the 
lakes was re- 
garded as a 
certainty o f 
the immediate 
f uture: and 
when s h i p- 
builders and 
owners real- 
ized that they 
could not hope, 
for a long time 
to come, for 
more than 
eighteen feet 
depth of water 
under the most 
favorable con- 
ditions, they 

began to build smaller vessels. The largest of 
the later vessels are 436 feet in length over all, 
50 feet beam and 28 feet depth. A steamer of this 
size has, on a draught of 18 feet, a carrying capa- 
city of approximately 6.200 gross tons and costs 
complete $260,000. Another class of freighters is 
made up of 400-Soot vessels of the same beam and 
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Length over all, 3SB feet ; breadth, 44 feet ; Ueptb, *> feet ; unuingc. 5,<khj j horse power, 8,000 ; draught, IB feet 8 inches; speed, 28 unlets an hour. 
"WESTERN STATES," ONE OF THE LATEST OF THE LAKE PASSENGER STEAMERS. 

Marie Canal — the water gateway connecting Lakes Hu- 
ron and Superior, through which passes perhaps 
half of the commerce of the unsalted seas — indicate 
how rapid has been its growth. In the year 1881 
the total amount of freight passing the Sault was 
1.567,741 tons; in 1891 it was 8,888,759 tons; and in 
1901. the last calendar year for which statistics are 
available, the aggregate was 28,403,065 tons. In other 
words, the traffic in 1901 was more than three times 
that a decade before and eighteen times that a score of 
years since. 

Passenger travel on the Great Lakes has also expe- 
rienced remarkable growth. There are connecting 
lines of fast passenger steamers between the principal 
cities, such as Buffalo and Cleveland, Buffalo and De- 
troit, Cleveland and Detroit, and Chicago and Milwau- 
kee, and also there are in service exclusively passen- 
ger steamers which make regular through trips be- 




Length, 414 feet ; beam, SO feet ; draught, 18 feet ; tonnage, 3,955 net ; speed, 13 miles an hour. 
TYPICAL LAKE FREIGHT STEAMER " BRAHSFORD." 



tween Buffalo and Chicago. The Sault Ste. Marie sta- 
tistics, which recorded th«- passage through the canals 
during the season of 1901 of upward of 60,000 passen- 
gers, chronicle, of course, but a fraction of the whole 
passenger travel, and it is estimated that the passenger 
steamers of the vast inland waterway carry annually 
between a quarter of a million and one-third of a mil- 



lion people. The side wheel steamer is still favored for 
passenger service on the lakes. Some years since there 
were constructed at Cleveland two very large and mag- 
nificent steel passenger steamers of the ordinary propel- 
ler type, which are in many respects counterparts of the 
best modern ocean liners, and these vessels now carry 
annually about 20,000 passengers between Buffalo and 
Chicago; but the innovation in design was not gener- 
ally adopted by lake navigation interests. Indeed, 

there have 
been completed 
during the past 
year the two 
largest side- 
wheel steamers 
ever construc- 
ted for fresh- 
water service. 
These vessels 
are the steam- 
ers "Eastern 
States" and 
' W es e r n 
States," and 
they are now 
in daily service 
between Buf- 
falo and De- 
troit. Bach is 
3 6 6 feet i n 
length, 55 feet 
in beam and 
19 \(. feet deep. 
Each vessel is 
driven by in- 
clined, three- 
cylinder, com- 
pound engines, 
to which steam 
is supplied 
from eight boilers, and this machinery is designed to 
enable the vessel to make the run of 256 miles from 
Detroit to Buffalo in twelve hours under almost any 
weather conditions. Each of these steamers represents 
an investment of about $640,000. 

An interesting demonstration of the sustained speed 
of the typical side-wheel steamer in lake service was 
made upon the occasion of the memorable race on Lake 
Erie something over a year ago, in which test of speed 
the steamer "City of Erie" defeated the "Tashmoo," 
another side-wheeler, by the narrow margin of 45 sec- 
onds in a run of one hundred miles. It may be noted 
for purposes of comparison that both vessels are of 
the same length. The "Erie" has a displacement of 
2,000 tons as against 1,200 tons in the case of the 
"Tashmoo," but counterbalancing this inequality is the 
fact that the winner has engines of 6,000 horse power 
as compared with machinery of 2,800 horse power 

possessed b y 
the "Tashmoo." 
The "City of 
Erie," which 
by reason of 
her achieve- 
ment upon this 
occasion i s 
claimed to be 
the speediest 
passeng e r 
steamer on the 
Great Lakes, 
attained a rec- 
ord speed of 
22.93 miles per 
hour. 

The growth 
of steel ship- 
building on the 
Great Lakes 
has, of course, 
more than kept 
pace with the 
expansion o f 
the fresh-water 
fleet. In the 
spring of 1899 
the seven or 
eight principal 
shipbui 1 d i n g 
corporations on 
fresh water, 
including the 
largest plants 
where steel 
tonnage is 
constructed, were merged into a combination known 
as the American Shipbuilding Company. Five of 
the plants were put in at valuations close to or 
exceeding $1,000,000 each and the lowest was $750,000. 
The consolidation gave the company control of eleven 
of the leading drydocks on the lakes, for, as on the 
Atlantic coast, each yard of any size has one or two 
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drydocks con- 
nected therewith. 

The plants and 
property of this 
particularly i n- 
teresting com- 
bination or 
"trust," located at 
Detroit, Lorain, 
Cleveland, Bay 
City, Mich., Chi- 
cago, West Supe- 
rior, Wis., and 
Buffalo, are now 
estimated to up 
worth more than 
$15,000,000. Dur- 
ing the fiscal year 
ending June 30, 
1902, the corpora- 
tion built at its 
several plants 
forty-one vessels 
having an aggre- 
gate of 198,500 net 
tons capacity on 
18 feet draught, 
while there were 
yet under con- 
struction and un- 
completed on that 
date thirty vessels of 139,000 tons aggregate carrying 
capacity. At the time of its formation the combination 
above mentioned absorbed all the leading steel ship- 
building institutions on the lakes; but so rapid has 
been the growth of independent plants since that time, 
that these individual establishments now have in the 
aggregate a building capacity equal to upward of one- 
half of that of the consolidated shipyards. 

A most interesting phase of the development of 
transportation and kindred activities on the Great 
Lakes is found in the increasing degree of attention 
given by the powerful steel-vessel building inter- 
ests of the interior to the construction of steamers 
designed for salt-water traffic or for both lake and 
ocean service. Vessels of this type are proving par- 
ticularly profitable to their operators by reason of the 
fact that they may be transferred to the Atlantic 
toasting trade during the winter months, when navi- 
gation on the lakes is impossible. In order to pass 
through the Welland and St. Lawrence canals, a ves- 
sel must not exceed 270 feet in length, and the carry- 
ing capacity of such a craft is approximately 3,000 tons. 
It may be noted in passing that the season of naviga- 
tion on the lakes has been lengthened materially of late 
years. Many vessels are put in service earlier than 
formerly, and with the gradual disappearance of the 
old craft has come a disposition to have the carriers 
brave the elements until late in the autumn. 



Tonnage, :2,UU9 ; speed, l&.tf miles an hiMir. 
" CITY OF BRIE," THE FASTEST STEAMER ON THE LAKES. 

amount of steam or other mechanical motive power 
on sailing yachts. The great convenience of being 
able to continue on one's course in calm weather at 
from one-half to two-thirds the ship's sailing speed. 




THE DEVELOPMENT OF THE. AUXILIARY ?ACHT. 

Your true sailorman, with his inborn love of the sea, 
always looks askance at 
a yacht that depends 
for its motive power upon 
anything more than well- 
trimmed sails and nature's 
own motive power, the 
wind. To him it is the 
very fickleness of the 
breezes, the uncertainty of 
the tides, currents, and va- 
rious elements' that go to 
render navigation difficult, 
that constitute half of the 
charm of yachting, for is 
it not in the careful ob- 
servation of these, and in 
the accumulated experi- 
ence of many seasons' 
cruising in foul weather 
and fair, that he develops 
that confidence, resource- 
fulness, forethought and 
presence of mind that go 
to make up the successful 
yachtsman ? On the other 
hand, in this busy, work- 
aday age, when we are in 
such a hurry to accumu- 
late our store, big or little, 
as the case may be, of this 
world's wealth, we have 
come to begrudge even 
the all-too-brief hours that 
we give to recreation; and 
the long delays which are 
inevitable on a sailing 
yacht through failing 
winds, or foul tides, have 
led to the experiment of 
introducing a limited 



Feathering Propeller of the "Ariadne," With the Blades 
Thrown Parallel with the Keel for Sailing-. 




Length over all, 131 feet ; waterline leugth, 110 feet ; beam, 2b feet ; depth, 19 feet ; draft, 14 feet. Compound engine : High pressure, 9 inches ; 

low pressure, 19 inches ; stroke, 14 inches. 

THE AUXILIARY SCHOONER YACHT " ARIADNE " MAKING 12 KNOTS UNDER SAIL ALONE. SPEED UNDER 

STEAM, 8 KNOTS. 



or of being able 
at the close of 
a day's sailing to 
enter a crowded 
harbor and come 
to one's mooring, 
with canvas all 
stowed and every- 
thing made snug 
before the moor- 
ing is picked up, 
has appealed so 
strongly to a large 
number of yachts- 
m e n, that the 
auxiliary sailing 
vessel is becom- 
ing increasingly 
popular. The aux- 
i 1 i a r y power 
varies from the 
small gasoline en- 
gine of the knock- 
about to the large 
steam engine of 
the big cruising 
schooner. 

The accompany- 
ing illustrations 
show one of sev- 
eral large auxil- 
iary cruisers which have recently been built in 
this country for American yacht owners. The 
"Ariadne." which is from designs by Tarns, Lemoine 
& Crane, is a steel vessel 110 feet in length on the 
water line. 131 feet over all, with 26 feet beam, a 
molded depth of 19 feet and a draft of 14 feet. Her 
sail plan ib such as would be given to a large cruising 
schooner of the ordinary type, and in her cruises with 
the New York Yacht Club this summer she has shown 
that in a strong reaching breeze she is capable of 
overhauling and passing such fast racing schooners 
as the "Muriel" and "Elmina." In addition to her 
ample sail plan, she carries a compound engine with 
cylinders 9 inches and 19 inches in diameter, with a 
stroke of 14 inches. Steam is provided by an Almy 
water-tube boiler with 17 square feet of grate sur- 
face; and under steam alone she is capable of a speed 
of 8 knots an hour, or say two-thirds of her sailing 
speed under favorable conditions. 

The accommodations of the "Ariadne" include five 
staterooms, three bathrooms and a main saloon for the 
owner, and five staterooms, a messroom, and a bath- 
room for the officers, besides twelve swinging berths 
in a large forecastle for the crew. The main saloon 
is located just forward of the mainmast, while adjoin- 
ing it and extending aft is the owner's 12 by 12 state- 
room, and a connecting bathroom. The headroom 
throughout is 7 feet 6 inches. The engine space, the 
coal bunkers, with a capacity of 23 tons, the galley, 
pantry, and the working end of the vessel are forward 
of the main saloon. She has water tanks with a capac- 
ity of 3,500 gallons, and 
ice-boxes capable of holding 
four tons of ice. She is 
also furnished with an 
electric light plant, an 
evaporator, a distiller, and 
a complete system of steam 
heating. 

Of course, the placing on 
board of boiler, engine, 
coal bunkers, and a screw 
propeller was done with a 
sacrifice of some sailing 
speed when the vessel is 
under canvas; but the 
sacrifice is not large con- 
sidering the great conven- 
ience secured in cruising, 
the estimated difference be- 
ing from a knot to a knot 
and a quarter per hour. 
One of the most difficult 
problems to solve in a ves- 
sel of this type is that of 
reducing the resistance 
offered by the propeller, 
owing to its drag upon the 
water when the vessel is 
under sail alone. From the 
time when auxiliary power 
was first introduced on 
sailing vessels, various ex- 
pedients have been resorted 
to in the endeavor to re- 
duce this drag, such as 
allowing the propeller to 
revolve idly, or providing 
a well at the stern through 
which it could he un- 
coupled and lifted clear of 
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the water. The method adopted on the "Ariadne," 
of which we present a detailed drawing, is one that 
was designed and patented in 1868 by Mr. R. R. Bevis, 
a former manager of Messrs. Laird's building estab- 
lishment in Great Britain. This type was fitted by 
that firm to several auxiliary cruisers in the British 
navy, among 
which was the 
corvette "Cal- 
liope," which 
it will be re- 
m e m b e re d , 
was present at 
the terrific 
hurricane a t 
Apia in the jj- 
moan Islands, 
when so many 
American ves- 
sels were lost, 
and barely 
managed t o 
steam out 
against the 
hurricane into 
deep water. 
The object of 
the device is 
to enable the 

angle of the blades of a propeller to be al- 
tered, while they are in place under water, 
to the pitch most suitable for working with 
steam under varying circumstances, as well 
as to feather them in a fore-and-aft direction 
when the vessel is under sail, and the steam 
power is not in use. The propeller blades 
are rotatabie on their axes, and they are moved 
by a pair of levers which are attached to a 
yoke at the outboard end of a rod that passes 
entirely through the propeller shaft into the 
engine room. Here the interior rod is coupled 
by means of a pin, sliding in a slot cut 
through the propeller shaft, to an outer, 
threaded sleeve, which is capable of fore-and- 
aft movement on the propeller shaft by means 
of a thread cut on the shaft. This sleeve is 
formed with a pinion on its outer periphery 
which is engaged by a spur wheel that can be 
operated by hand. To feather the blades, that 
is, to place them with their surfaces approxi- 
mately parallel with the keel of the chip, the 
sleeve is moved forward into the position 
shown in our drawing. When it is desired to 
use steam power, the sleeve is screwed back 
upon the propeller shaft, forcing the interior 
rod to the rear, and by means of the connect- 
ing levers swinging the propeller blades 
around to the proper angle of pitch. The con- 
necting levers, arms, etc., are entirely inclosed 
with the hollow boss of the propeller, and it 
will be seen that when the blades are in the 
fore-and-aft position, the drag or friction of 
the propeller is reduced to a minimum. 
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sure and two low-pressure. The high-pressure tur- 
bine is placed on the central shaft and the two low- 
pressure turbines on the two outer shafts. There are 
thus three propeller shafts in all and three screws on 
each shaft, making nine screws in all. 

The "Tarantula" is 160 feet long and 16 feet beam. 
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Length, 160 feet ; beam, 16 feet ; designed speed, 24 knots. 
ENGLISH TURBINE YACHT "TARANTULA." 



ENGLISH TURBINE-PROPELLED YACHTS. 

BY THE LONDON CORRESPONDENT OF THE SCIENTIFIC 
AMERICAN. 

Of the three high-speed yachts to be fitted 
with the Parsons marine steam turbine, two 
have up to the present been launched. They 
are the "Ta- 
rantula," own- 
ed by Col. H. 
McCalmont, M. 
P., and the 
"Emerald," be- 
longing to Sir 
C h r i s t o- 
pher Furness, 
M. P. The "Ta- 
rantula" is of 
very special 
design, having 
been built on 
the lines cus- 
tomary to all 
vessels of the 
torpedo - boat 
class. As re- 
gards the hull 
r.nd boilers the 

Tarantula" is 
:n fact identi- 
cal with all 
first - class tor- 
pedo boats. The 
toiler is of 
the Yarrow 
water - tube 
fvpe. She is 
driven by 
three turbines, 
one high-preg. 




STERN VIEW SHOWING THE NINE PROPELLERS. 




VIEW Of PROPELLERS. SHAFTING AND BRACKETS OF "TARANTULA." 



Her designed speed was 24 knots and her horse power 
is estimated as a little over 2,500. 

The "Emerald" will displace 756 tons and her indi- 
cated horse power is expected to be about 1,500. The 
propelling machinery consists of three sets of steam 
turbines, each driving one length of shafting — one 

central and 
two side shafts 
— one propel- 
ler of about 3 
feet diameter 
being attached 
to the center, 
and two pro- 
pellers, each of 
about 20 inch- 
es diameter, to 
each o f the 
side propeller 
shafts. All the 
propellers o f 
the "Emerald" 
are of mangan- 
e s e bronze. 
The hull has 
been specially 
strength- 
ened to pre- 
vent any vi- 
bration in the structure from the great speed 
at which the shafts will revolve. Her over-all 
length is about 236 feet, beam 28 feet 8 inches 
and molded depth 18 feet 6 inches, giving a 
tonnage of about 756 tons yacht measurement, 
and her speed will be 16 knots. At her 
launching her owner, Sir Christopher Furness, 
remarked that about all the Hon. C. A. Par- 
sons, Messrs. Stephen and himself had in view 
in fitting the "Emerald" with turbines was to 
put into the vessel such power as would enable 
her to steam at the highest rate compatible 
with entire freedom from vibration. He be- 
lieved that object would be attained and, still 
further, he believed as a business man, and 
as one engaged with ships and shipping, that 
the steam turbine would practically revolu- 
tionize yachting and yacht owning in the 
United Kingdom. 

The third yacht, the "Lorene," is being built 
to the order of Mr. A. L. Barber, of New York. 
She will displace about 1,400 tons and she will 
be 260 feet 8 inches long and 33 feet 3 inches 
beam. The hull and boilers are being con- 
structed by Messrs. Ramage & Ferguson, of 
Leith, Scotland, and her turbine machinery 
will come from ths Parsons Marine Steam Tur- 
bine Company. Mr. Barber's yacht is expected 
to be launched shortly. 

THE APPLICATION OF TURBINE PROPULSION 
TO PASSENGER VESSELS. 

BY HERBERT C. FYFE. 

Up to the present moment there have been 
built eight vessels that have been fitted with 
the Parsons marine steam turbine, while five 
are now in process of construction. The first 
was of course the little "Turbinia," launched 
in 1896 and in her day the fastest vessel afloat, 
her maximum horse power being 2,300 and 

speed 3 4 % 
knots. Next 
came H. M. S. 
"Viper," whose 
maximum 
speed was 
39.113 knots or 
nearly 43 stat- 
ute miles, the 
horse power 
being 12,300; 
and H. M. S. 
"Cobra," whose 
maximum 
was 35.6 knots. 
The "Viper" 
was lost dur- 
ing the British 
naval maneu- 
vers in t he 
summer o i 
1901, owing to 
her striking a 
rock in a thick 
fog, while the 
"Cobra" went 
down off the 
outer Dowsing 
Shoal while on 
her way from 
the Tyne to 
Portsmouth on 
the 1st Of Sbp- 
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tembcr, 1901. In 1901 the "King Edward" was built, 
the first passenger vessel to be fitted with the Par- 
sons turbine. This year (1902) a companion vessel 
to the "King Edward." the "Queen Alexandra," has 
been built, as well as a destroyer, H. M. S. "Velox," 
fitted both with reciprocating engines and turbine 
machinery, and two turbine yachts, one for Col. Mc- 
Calmont, M. P., the "Tarantula," and one 
for Sir Christopher Furness, the "Emer 
aid." The turbine boats under construc- 
tion are H. M. S. "Eden," destroyer, H. M. 
S. "Amethyst," third-class cruiser, one 
yacht for Mr. A. L. Barber, of New York, 
and two passenger steamers of about 8,000 
horse power for the Chatham & Dover and 
Southeastern Railway Company, for the 
Dover-Caluis Channel service, and the 
other for the London. Brighton and South 
Coast Railway for the Newhaven-Dieppe 
service. 

It is to the "Queen Alexandra" that we 
desire to draw especial attention in the 
present article. The "Queen Alexandra" 
was built by Messrs. William Denny Broth- 
ers, of Dumbarton on Clyde. Scotland, who 
also buiit the "King Edward" and who are 
building the two new turbine cross channel 
boats of about 8,000 horse power. The ma- 
chinery was made by the Parsons Marine 
Steam Turbine Company, of Wallsend-on- 
Tyne. When the "King Edward" started 
running in 1901, the Earl of Glasgow said 
that she would create a revolution in the 
coast passenger carrying trade on the 
Clyde, and she has certainly proved very successful, 
both as regards speed and coal consumption. On one 
season's work she ran ten more miles than a paddle- 
boat of about the same dimensions and speed (the 
"Duchess of Hamilton") with a coal consumption of 
■180 tons less. The "Queen Alexandra" is generally 
very similar to the "King Edward," but of larger 
dimensions, her length being 270 feet, breadth molded 
32 feet and depth to promenade deck 18 feet 9 inches, 
and to main deck 11 feet 6 inches. In appearance she 
strongly resembles a small cross-channel steamer. A 
long shade deck, on which the boats are carried and 
upon which passengers are allowed to promenade, is 
r. new feature of the vessel. The boiler, which is a large 
double-ended one having a funnel at each end, was sup- 
plied by Messrs. Denny & Company, and the turbines, of 
which there are throe, by the Parsons Marine Steam 
Turbine Company. 
Wallsend-on- 
Tyne. The total 
ratio of steam ex- 
pansion is about 
125 fold as com- 
pared to the 8 to 16 
fold in triple-expan- 
Fion reciprocating 
engines. There are 
one high-pressure 
and two low-pres- 
srre turbines, the 
high - pressure one 
being in the center 
line. Ea^h drives 
OTie shaft, the cen- 
ter one having one 
propeller and the 
outside ones two, 
ma'.-.ing five propel- 
lers in all. At or- 
d i n a r y steaming 
ra'" t h r -evolu- 



tions of the center shaft are 900 and each of the side 
shafts 1,000 per minute. 

The "Queen Alexandra" on her trial made 21.63 
knots, with the central turbine making 750 revolutions 
and the outside turbines 1,100 revolutions, thus beat- 
ing the "King Edward," whose maximum is 20.40 
knots, and proving herself to be the fastest excursion 




THE FIVE PROPELLERS OF TURBINE YACHT "EMERALD." 

steamer in the world. Her usual speed is 21 knots. 
Both vessels only run on the Clyde during the summer 
months, and their running was regular and without 
a hitch. The "Queen Alexandra's" astern turbines 
which are placed inside the exhaust ends of the low- 
pressure turbine cylinders, reverse the action of the 
two outer shafts. 

At the autumn meeting this year of the British Asso- 
ciation at Belfast, the Hon. C. A. Parsons said that 
the adoption of the steam turbine system in vessels of 
large size, such as Atlantic liners, cruisers and battle- 
ships, would be attended with greater proportional ad- 
vantages than in the case of smaller vessels. The 
large turbines would be cheaper to build, would be 
lighter, and would occupy less space in proportion to 
power. The design of such large turbines presented 
no difficulties bevond those alreadv surmounted, and 




TURBINE PASSENGER STEAMER "QUEEN ALEXANDRA." 

T.rn»th. 270 feet : beam. 32 feet; depth, 11 fret. t> inches ; speed, SI .03 I.— <-t» 



the greater size permitted the adoption of important 
features for the further reduction of coal consumption. 
He said that if the "King Edward" had been fitted with 
balanced twin triple-expansion engines of the most 
improved type, and of such size as would consume all 
the steam the existing boiler could make, the best 
speed she could possibly have obtained would have 
been 19.7 knots against the 20 y. knots 
actually done by the "King Edward," 
showing an increase of speed of eight tenths 
of a knot. This difference corresponds to 
a gain per indicated horse power in favor 
of the turbine steamer of 20 per cent. It 
would hardly have been possible to drive 
the "King Edward" at 20 V& knots with 
ordinary engines, owing to the extra weight 
of the machinery and the necessarily in- 
creased displacement. The attempt to do 
so could only have resulted in the speed 
being obtained at an enormously increased 
fuel cost and a ruinous expenditure of coal 
and the like on service. The "Queen Alex- 
andra's" coal consumption, it may be men- 
tioned, has proved quite as economical as 
that of the "King Edward." 

It may be interesting to mention that 
the Lancashire and Yorkshire Railway 
Company has recently sent an invitation 
to shipbuilding firms throughout the king- 
dom for designs and tenders for a new 
steamer for their Irish Sea service. Pro- 
posals are invited for the ordinary twin- 
screw reciprocating engines and also for 
steam turbine propelling engines. The 
speed desired is 19 knots. The question of propellers 
is one to which Mr. Parsons has devoted considerable 
attention, and he has made many experiments in order 
to discover both the right number of propellers and 
the best shape for each different class of vessel. The 
"Turbinia" originally had but one screw, which was 
driven by a single turbine engine at a speed of from 
2,000 to 3,000 revolutions per minute. 

Many experiments were made with screw propellers 
of various sizes and proportions, but the best speeds 
were quite disappointing. Mr. Parsons found that the 
excessive slip of the propellers beyond the calculated 
amount and their inefficiency indicated a want of 
sufficient blade area upon which the thrust necessary 
to drive the ship was distributed; in other words, 
that the water was torn into cavities behind the blades. 
A radical alteration was made in the "Turbinia. - ' 

Three separate 
turbines were in- 
stalled, one high 
pressure, one in- 
termediate pres- 
sure and one low 
pressure, each of 
which drove one 
propeller shaft, 
with three screws 
on each shaft. The 
" Turbinia " w z. s 
therefore driven 
through the water 
by nine screws, and 
the result was that 
she showed a great 
gain in speed; and 
held for a while the 
distinction of being 
the fastest vessel of 
any type in tlie 
world. 




TURBINES f the "QUEEN ALEXANDRA." 



© 1902 SCIENTIFIC AMERICAN, INC. 



398 



Scientific American. 



December 13, 1902. 



R.acilroacd Tra.iYsporta.tiorv. 

A BIDE TO CHICAGO AND BACK ON THE LOCOMOTIVE 
OF THE TWENTIETH CENTURY LIMITED. 

Time was when a passenger who wished to ride on 
the locomotive could obtain a seat in the cab for the 
mere proffer of a cigar. That, however, was long 
before the day of mile-a- 
minute trains. With the 
increasing speed and 
growing density of mod- 
ern traffic, the restrictions 
that guard the "man at the 
throttle" have grown in 
severity, until to-day the 
private office of the presi- 
dent of the railroad is 
more easy of access than 
the locomotive cab of the 
humblest work train on his 
road; while as for a seat 
in the cab of an Empire 
State Express or a Twen- 
tieth Century Limited, it 
is a positive fact that the 
letters of request for a 
trip of this kind on file in 
the company's offices — all 
politely refused — are often 
subscribed by names that 
are not unknown to fame 
on both sides of the At- 
lantic. 

Just how necessary is 
this precaution, the writer 
realized when he was 
flashing by the three hun- 
dred and thirty signals be- 
tween Albany and New 
York, at from seventy to 
seventy-five miles an hour, 
and noted that no sooner 
was one signal seen by the 
engineer and verified by 
his fireman, than he was 
watching intently for the 
next; the successive sig- 
nals swinging into sight around the curves, often at 
less than minute intervals. The man who holds that 
$400,000 train and the priceless lives of its passen- 
gers in his hand, must have no inquisitive and lo- 
quacious layman at his elbow; nor must the fireman, 
who is satisfying the hunger and thirst of a boiler that 
is eating up, hour by hour, the fuel and water demands 
of a 1,500-horse power locomotive. 

It was with some such thoughts as these that the 
Editor of the Scientific American recently climbed 
into the cab of the Twentieth Century Limited, pre- 
sented a letter from Vice-President Brown of the road, 
shook hands with Engineer Sherwood (who, by the 
way, has been at the throttle of fast New York Cen- 
tral trains for an unbroken period of thirty years) and, 
comfortably set- 



men are expected to make up, if possible, any time 
lost through unavoidable delays, some remarkable run- 
ning has been done. Thus, the Pennsylvania train on 
August 4, 1902, ran from Fort Wayne to Crestline, 
131.4 miles, with one stop for water, in two hours and 
nine minutes, an average speed of sixty-one miles per 
hour; while even finer was the performance of the 




Cylinders, 21 by 26 inches ; drivers, 79 inches diameter ; weight of engine, 116,000 pounds ; heating surface, 3,505 square feet ; grate area. 50.3 

square feet ; steam pressure, 200 pounds ; tractive effort, 25,360 pounds. 

THE LOCOMOTIVE ON WHICH THE FAST RUN FROM ALBANY TO NEW YORK WAS MADE. 

New York Central train, when with four and five cars 
it made up fifty-eight minutes from Rhinecliff to Buf- 
falo, a distance of 350.4 miles, the speed, excluding 
seventeen minutes in stops, being 59.4 miles- an hour. 
On another occasion this train left Syracuse fifty-one 
minutes late with five cars weighing 300 tons, and al- 
though taking on an additional fifty-ton car at Albany, 
passed Yonkers, 275.5 miles from Syracuse, on time. 
Excluding six minutes in stops, this is an average of 
60.74 miles an hour, which was maintained in spite of 
the fact that there were no less than sixteen slow- 
downs. 

On the round trip from New \ork to Chicago 
the writer spent just half the time, or twenty hours, 
In the cab, and rode on six different locomotives. For 



tied at the front 

end of the fire- 
man's seat, com- 
menced the first 

stretch of 143 miles 

of his 980-mile trip 

to Chicago. 

A word just here 

as to these Twen- 

tieth Century 

trains. For several 

years past the fast- 
est expresses have 

taken Lwenty-four 

hours to run from 

New York to Chi- 

cago; but last 

spring the New 

York Central and 

Pennsylvania roads 

agreed to run a 

train each way 
daily in twenty 
hours. The Penn- 
sylvania road has 
the shorter but 
more hilly route, 
covering 920 miles; 
the distance over 
the New York Cen- 
tral and Lake 
Shore route being 

980 miles. The trains are ordinarily made up of four 
cars weighing 240 tons, although, as we shall see, they 
include, over a large portion of the distance, a diner, 
and on the New York Central system an extra sleeper, 
which bring up the total train load to over 350 tons. 
The running speed on the latter road, including stops, 
is slightly under fifty miles an hour; but as the engine- 




Albany to Spurten Duyvil, 131.7 miles, was run in 131 minutes. Excluding the time lost in eight slowdowns, the average running speeJ wus B8 miles per hour ; weight 

of train, 352f% tons ; of engine, 144 tons. 

THE TWENTIETH CENTURY LIMITED MAKING DP TIME BETWEEN ALBANY AND NEW YORK. 

the whole round trip of 1.960 miles a dozen locomo- 
tives are required, the average distance of each run 
being about 163 miles. For the run to Albany one of 
the magnificent Central Atlantic type engines, designed 
last year especially for the heavy express service of the 
road, was coupled on. These are the mo3t powerful fast 
express engines in the world. The object aimed at in the 



design was to provide a huge boiler with sufficient heat- 
ing surface to insure a plentiful supply of steam at 200 
pounds pressure, under the most exacting conditions of 
service. Ample grate and firebox surface are secured by 
extending the firebox across the frames, the internal 
width being 6 feet 3% inches, and the length 8 feet. 
The barrel of the boiler is 6 feet in diameter, and the 

heating surface reaches 
the enormous total of 3,505 
square feet. The 21x26-inch 
cylinders would, at maxi- 
mum effort, easily slip the 
four-coupled drivers; and, 
accordingly, by means of 
an air cylinder acting on 
a lever, an additional 10,- 
000-pound load can be 
thrown on the drivers, in- 
creasing the tractive ef- 
fort to 25,350 pounds. 

Of course, for such an 
engine a schedule speed of 
fifty miles an hour with a 
227%-ton train was mere 
play; the opportunity to 
see what these engines can 
do wh'n called upon for a 
supreme effort was to 
come on the return trip. 
Mr. Sherwood expressed 
regret that, being on time, 
he had no chance to "show 
what she could do," and 
on our nodding approving- 
ly at the gage, which, in 
spite of the easy labors of 
the fireman, stood steadily 
at 200 pounds or slightly 
over, the latter patted the 
huge boiler affectionately 
as one might a favorite 
horse, remarking that the 
difficulty was "to keep her 
cool" — which the fluttering 
pop-valve proved to be 
true. The predominant im- 
pression, apart from the 
locomotive, left by this ride up the beautiful Hudson 
Valley, is of the magnificent condition of the roadbed 
and the faultless disposition of the signals. As we 
swung grandly around the curves or swept into the 
stretches of tangent, the signals stood out — first the 
"distant," then the "home" — sharp and insistent against 
the background. By the law of the road the fireman must 
verify each signal as a check upon the engineer; and at 
the proper moment to catch the earliest sight of a "dis- 
tant," he would step to the window and shout "Right," 
announcing the signal, if it stood on a curve, a second 
or two before it came in the line of the engineer's vision. 
Albany was reached at 5:33, two minutes ahead of 
time; and after a meal in the diner we boarded the 
engine — another of the Atlantic type — at Utica, for the 

experience of a 

dash by night in 
a crack express. 
The fifty - three 
miles to Syracuse 
are timed to be 
done in sixty-three 
minutes; but as 
some ten minutes 
are lost through 
the streets of Syra- 
cuse, and other 
minutes in various 
slowdowns, some 
very fast miles are 
covered. We were 
a trifle late i n 
starting, and the 
engineer explained 
that as it was elec- 
tion night, and he 
would have to run 
"dead slow"' 
through the crowd- 
ed streets of Syra- 
cuse, he would do 
some fast running 
so as to have a few 
minutes in hand. 
Here then was the 
chance of a life- 
time — a seat in the 
most powerful ex- 
press engine in the world; a heavy train of 300 tons 
behind it; an engineer vouched for by the conductor 
as "nervy and fond of fast running;" a stretch of 
downgrade just a few miles ahead for a racetrack; and 
a night of impenetrable darkness to lend the last touch 
of half-fearful suspense to the trip. We gathered way 
quickly to a speed of a mile a minute, and before one 
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had got his nerves quite to the sticking point, the fire- 
man shouted that we were on the downgrade. The ac- 
celeration was rapid, and our stop-watch timing (the 
fireman calling off the mileposts) soon showed that we 
were making eighty-three miles an hour. That six-mile 
run by night was certainly the most thrilling experi- 
ence in high-speed travel of a lifetime. We have stood 
at night on the bridge of the "Deutschland" when, with 
the "Kaiser Wilhelm" at her heels she was rushing at 
27 miles an hour through a fog that shut the fore- 
castle deck from view; and again when, to 
test her rough-weather ability, she was making 
twenty-four miles an hour against a full southwesterly 
gale; but from the standpoint of pure sensationalism 
those experiences were tame compared to this wild 
ride by night through the Mohawk Valley. To the 
writer, who was not by any means a stranger to loco- 
motive riding, the experience was simply terrific — im- 
possible of adequate description to the traveler whose 
gage of greater speed is the slightly increased swaying 
of a Pullman car. The sensations of such a ride strike 
at every avenue to the emotions; ear, eye, and touch 
are violently assailed. For the ear there is a "clang 
and clash and roar," so loud that one has to 
shout into the ear to be heard — there is the concus- 
sion of the moving parts of the engine — the jangling 
of metal Against metal — the crashing impact -of the 
driving wheels and trailers upon the track — while 
above all this strident orchestra, like some great organ 
note, is heard the deep, sustained roar of the ex- 
haust from the smokestack. For the sense of touch 
there is the amazingly rough riding of the engine 
which, compared with a nicely-poised Pullman car, is 
as the movement of a springless farm wagon to a rub- 
ber-tired carriage. The unevenness of the track, slight 
as it is, is but little absorbed by the stiff locomotive 



against the window of his cab) in the material, the 
men, and the management of that most wonderful of 
modern creations, a first-class trunk railroad. 

The perfect faith of the engineer in the system was 
strikingly brought home on the return trip from 
Chicago. A delay in Cleveland had put the train 
twenty-five minutes late, and time was being made up 
with a powerful, Prairie-type, six-coupled, ten-wheeled 
engine with 20 x 28-inch cylinders and boiler to match, 
■ The engineer had congratulated us on the fact that be- 
cause of the delay we should see some fast running, and 
we had just snapped the stop-watch on a two-mile run 
at seventy-eight miles an hour, when "Red" shouted the 
fireman, and with brakes hard down, we pulled up 
at a wayside station signal for orders. As we were 
starting again, the fireman courteously showed us the 
order, which read that from So-and-so to So-and-so the 
east-bound track was closed, and east-bound trains 
would use the west-bound track; No. 26 (our train) to 
have right-of-way over all trains. "What! Does this 
mean that 'we shall run against the traffic?" "It does." 
"But, surely, not at this speed." "Indeed, we shall." 
And indeed we did; for full out came the throttle, 
and soon we were sweeping into darkness (on the 
ether fellow's track, mind you) with nothing between 
us and Heaven-knows-what but the faithful watchful- 
ness of a train dispatcher, sitting in his office a hundred 
miles or more away. Sublime faith in a marvelous sys- 
tem, we thought, as we settled down for the only un- 
comfortable quarter of an hour of the whole trip. 
Twelve miles further on we passed the obstruction — a 
disabled freight train — and switched back to our own 
track. 

Leaving the engine at Buffalo we crept at midnight, 
from the dirt and din of the cab, very tired, 
into the comfort and sweet linen of a lower 



resistance of dragging a train round a six-degree curve 
is equal to a rise of about ten feet to the mile. The 
estimate, however, is made for the fifteen-mile speed 
of freight trains, and for an express at seventy-five 
miles an hour it will be vastly greater. Exactly what 
it amounts to can only be conjectured; but its equiva- 
lent in grades would represent a track with decided 
gradients and with no downgrade to compensate. The 
engine was handled with the consummate judgment 
born of long experience. For the most part the throttle 
was three-quarters open, and the cut-off at one-third 
stroke. At the running speed, which finished with a 
burst from Yonkers to Spuyten Duyvil of 14.13 miles 
in 11:5 minutes (73.72 miles an hour over heavy curva- 
ture), the engine, under 203 to 204 pounds of steam, 
which she carried steadily, must have been indicating 
her maximum of 1,450 to 1,500 horse power. 

It is a popular delusion that the engineers who run 
such trains soon break down under the strain; yet the 
two partners on the New York-Albany run of this 
train are to-day fine-looking men in the best of health. 
The work calls for nerve, of course, but as more than 
one of them told us they kept their nerves right by 
right living. A more temperate, intelligent and cour- 
teous body of men than these trainmen one must travel 
far to find; and it was with his usual insight into char- 
acter that President Roosevelt went among their 
trusted representatives to select one of the arbitrators 
in a notable industrial controversy of the day. 



NOTES ON THE HISTOBY OF THE AMERICAN 
LOCOMOTIVE. 

BY HERBERT»T. WALKER. 

In the following notes on the History of the Ameri- 
can Locomotive, we will pass over the various attempts 
to produce self-moving road carriages, and begin with 
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DkWitt Clinton. 1831. 



Engink ok 1850. 



Cylinders, 5^x16 inches. 
Drivers, 54 inches. 



Boiler pressure, 80 pounds. 
Tractive effort = 919 pounds. 



Cylinders, 16 x 20 inches. 
Drivers, 66 inches. 



Pressure, 100 pounds. 
Tractive effort = 7758 pounds. 



Engine of 1902. 



Cylinders, 22x28 inches. 
Wheels, 72 inches. 



Boiler pressure, 200 pounds. 
Tractive effort = 32,000 pouude. 



SEVENTY ONE YEARS' GROWTH OF THE AMERICAN LOCOMOTIVE. 



springs, and when the driving wheels and the massive 
reciprocating parts — side rods, connecting rods, cross- 
heads, pistons, weighing tons in the aggregate — are 
threshing round and darting to and fro to the tune 
of over 300 revolutions a minute, the great mass of 
the engine vibrates and lurches and rolls, until one 
feels that the only logical outcome would be for the 
structure to rend itself into a thousand fragments! 
Then, for the eye, there is the sense — at eightly miles 
an hour by night — of incredible speed. By day, objects 
approach slowly out of a far perspective; but by night 
they rush at you out of the near darkness in one mad 
whirl of ghostly shapes, punctuated by horizontal, 
rocket-like streaks of fire — the signals and station 
lights. 

To the novice, the most thrilling moments come with 
the headlong dash through a station yard, where the 
tail-lights of a side-tracked freight train glare with 
their evil red eyes at you from the distance — surely 
they are on your own track — and you sweep down upon 
a mass of white lights, red lights, headlights, whirling 
hand lamps, dwarf signal lights below, and arc lights 
above, with two or three switching locomotives to 
heighten the crowded effect! Clear track? Absurdly 
impossible! I tell you, gentle passenger, lounging back 
there in the cushioned security and comfort of a Pull- 
man, that should you sit here just now with me at the 
very front end of this roaring cataract of steel and 
fire, and realize that it is hurling you into that be- 
wildering yard at over one hundred feet a second, with 
a stored-up energy back of you equal to that of a 
shell from a 13-inch gun — if you realized, as I 
did, that to develop that energy requires only 
a misplaced switch, a careless signalman, a broken 
i ail or axle, you would understand how sub- 
line t be the faith of that quiet man at the throt- 
tle 3 clean-cut profile you can just see silhouetted 



berth, for a six-hour sleep to Albany. Here our letter 
made us known to Mr. Ryan, another New York Cen- 
tral veteran, who started in 1865 as a fireman, and for 
thirty-three consecutive years as engineman, has run 
heavy express trains through the Hudson Valley. The 
engine, another of the splendid Atlantics, was to make 
the record run of the whole round trip. With six 
cars of 352 tons total weight and a handicap of twenty- 
nine minutes, we set out to make up time. It was an 
ideal morning as we pulled out at 7.04, with a slightly 
favoring wind, and a dry rail. Two or three minutes 
were lost in going slow over the bridges and through 
the yard, and then we straightened out to what we 
judged to be fifty, sixty, and seventy miles an hour. 
Out came the stop-watch, and the next mile was made 
in forty-eight seconds. It did not 'seem like it, so as 
there were no slowdowns ahead, we timed for a com- 
plete five-mile stretch, which was done in exactly four 
minutes; and for the next five, which were also covered 
in exactly another four minutes, making eight minutes 
for the ten miles, or seventy-five miles an hour. Then 
came a slowdown to twenty-five miles through Hudson, 
then two slowdowns in succession for water, another 
for a sharp curve through Poughkeepsie; a slow to 12 
miles an hour through a rock cut in the Highlands, 
another at Croton for water, and at Peekskill for sig- 
nals. Each of these from a seventy to seventy-five mile 
speed meant a loss of one-half to two minutes before 
the high average was reached again; and yet we passed 
through Spuyten Duyvil, 131.73 miles fpom Albany, at 
9:15, having covered the distance in 131 minutes. 

To appreciate this performance we must remember 
that though the line is level, it is full of curvature, 
forty-eight miles, or over one-third, consisting of curves 
that vary from one degree to eight degrees. It is 
estimated that every degree of curvature is equal to 
3-100 of a foot of rise in every 100 feet. Therefore, the 



the year 1802-3 when Richard Trevithick, of Cornwall, 
England, who is known as "the father of the locomo- 
tive," laid down the plans for an engine to run on the 
Merthyr Tydvil tramway in Wales. This, the first 
railroad engine in the world, embodied some of the 
salient features of the modern locomotive, namely, high 
pressure steam and a horizontal cylinder, the exhaust 
steam being turned into the chimney. This engine, 
which is illustrated in Fig. 1, hauled passengers and 
freight weighing about 10 tons at a speed of 5 miles 
an hour, and is said to have once attained a speed of 
16 miles an hour, when running without a train. Its 
weight, 5 tons, was found too heavy for the cast-iron 
rails or "plates," and this objection, coupled with the 
fact that it was more expensive than horse traction, 
condemned it for commercial purposes. Like other 
great men, Trevithick was in advance of his time, and 
the world was not ready for him. He was, moreover, 
too easily discouraged by partially successful experi- 
ments, and, although he subsequently built improved 
locomotives — some of them having such familiar fea- 
tures of our modern engineering practice as a fusible 
plug in the crown sheet of the fire-box, and means for 
superheating the steam — he was unfortunate, and failed 
to command the capital necessary for developing his 
ideas. The antagonism of Watt also told heavily 
against him, and after a series of reverses he died in 
•obscurity, and was laid to rest in a pauper's grave. It 
was only recently that the Institution of Civil Engi- 
neers reminded the nation of his true position among 
engineering heroes by erecting to his memory a memo- 
rial window in Westminster Abbey. 

Passing over Blenkinsop's and Hedley's engines, 
which were but little more than continuations of Trevi- 
thick's designs, we come to the advent of George Steph- 
enson, who built his first locomotive in 1813. Stephen- 
son did not show the originality of Trevithick, and 
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Fig 6 —The " Experiment." 1832. First Engine With a Leading Truck. 

SOME TYPES ILLUSTRATING THE DEVELOPMENT OF THE LOCOMOTIVE. 



Fig: 8 .— " Mogul ' Engine 1863 Wew jersey R.R. & Transportation Ca 
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cannot be said to have been a great inventor, but he 
was a man of indomitable energy and perseverance, 
possessing the rare combination of the engineer and 
the man of business. He also had the faculty of 
selecting the crude ideas of other inventors, putting 
them into practical shape and combining them with 
his own designs. This not only placed him at the 
head of his profession but enabled him to command 
the capital to build his own shops, which he opened 
at Newcastle-upon-Tyne in 1824. This factory is run- 
ning to-day, and is the oldest locomotive works in the 
world. 

SIX COITLEU WHEELS. 

Here Stephenson developed some historical engines, 
among them being the "Experiment" • for the Stockton 
and Darlington Railway, having six-coupled 
wheels and directly-connected inclined cylin- 
ders, the piston rods giving motion to the 
cranks by connecting rods, without any in- 
termediate gearing. This engine was built 
in 1826 and was a landmark in locomotive 
history, introducing as it did one of the 
essential features of the modern locomotive; 
for up to this time Stephenson's designs 
showed no practical improvement over those 
of Trevithick and other makers. A fair 
example of the locomotive of this period 
was the "Stourbridge Lion," illustrated by 
Fig. 2. It was built by Foster Rastrick & 
Co., and was sent to the United States in the 
year 1828 for the Delaware and Hudson Ca- 
nal Company's railroad. As it was too heavy 
(7 tons) for the rails it was soon withdrawn 
from traction service; but it was the first 
practical locomotive to turn a wheel 
in this country. In the same year Stephenson built the 
engine "America" (Fig. 3), which was also sent to the 
Delaware and Hudson Canal Company, and was the 
first practical locomotive seen in the United States, in- 
asmuch as it arrived four months earlier than the 
"Stourbridge Lion;" but it was never used for trac- 
tion service. This engine was of the same design as 
the "Experiment," except as to the number of coupled 
wheels. 

THE "ROCKET." 

Events followed quickly at this period, and in the 
year 1829 Stephenson produced his world-renowned 
"Rocket" for the Liverpool and Manchester Railway. 
This remarkable engine embodied a multitubular 
boiler, a blast pipe, direct-acting pistons (as in the 
"Experiment" and "America") and a water-surrounded 
fire-box. Stephenson appears to have originated these 
two latter features, and, by combining them with the 
others, he produced a locomotive which, aside from im- 
proved valve gear and some minor details, was sub- 
stantially the same engine that is in use to-day. As a 
basis of comparison with modern engines we will 
note the chief dimensions of the "Rocket": Cylinders 
8 inches diameter by 16% inches stroke; diameter of 



the design of Stephenson's "Rocket," which established 
for all time the elements of the practical locomotive, 
had either not reached or had failed to impress Ameri- 
can engineers, for we find in the years 1830-31 a variety 
of experimental locomotives having but little histori- 
cal value. The most noteworthy engine of this group 
was that built by Peter Cooper, having an upright 
boiler with gun barrels for tubes; the cylinder was 
vertical and the exhaust was into the atmosphere. This 
engine was tried on the Baltimore & Ohio Railroad in 
1830 and was the first locomotive built in America; but 
it was only run experimentally. 

FIHST AMERICAN LOCOMOTIVE. 

An important engine, historically considered, was 
the "Best Friend," designed by Adam Hall and con- 




Fig. 9.— Vauclain Compound Engine. 1895. Atlantic City Railroad 



structed at the West Point Foundry, N. Y., 
which was put to work on the South Carolina 
Railroad in 1830. This, the first locomotive built in 
America for actual service upon a railroad, is shown 
in Fig. 4. The cylinders were 6 inches diameter by 
16 inches stroke; driving wheels 4 feet 9 inches 
diameter; weight 4Vi tons. The boiler was verti- 
cal and multitubular. This engine attained a speed 
of 35 miles an hour without a train, and with four or 
five cars filled with passengers it ran at the rate of 
20 miles an hour. 

All the engines of American design built up to this 
date, while they were bold and original, possessed in- 
herent defects which prevented their adoption for prac- 
tical railroad work, so that engines of the Stephenson 
and Bury types continued to be purchased from Eng- 
land, in spite of the fact that they were ill-adapted to 
the sharp curves and rough tracks of our railroads. 
An example of the foreign-built engine of this period 
was the "John Bull," purchased of Stephenson & Co., 
which embodied an improved position of the cylinders, 
namely, inside connected and placed at the smoke box 
end of the boiler. This engine, shown in Fig. 5, ran for 
many years and is now in the Washington Museum. 



invented a very important improvement in the locomo- 
tive engine, namely, the link motion. This valve gear 
is now used the world over and is the standard form of 
reversing and expansion gear. James's engine was 
totally destroyed by explosion of the boiler, and the 
link motion was lost sight of until ten years later, 
when it was reinvented in Stephenson's shops and ap 
plied to several English engines with complete success. 
The advent of the "Experiment" marked a period in 
American locomotive practice at which a departure 
from English designs commenced, and a process ol' 
adaptation to the peculiar conditions of the railroads 
in this country quickly followed. Among these changes 
we note the adoption of the bar frame in preference to 
the plate frame, although the bar frame was used in 
many early English engines. 

EQIALIZIXC LEVERS. 

The next step with a view to increased flex- 
ibility and more even distribution of weight, 
was the introduction in 1837-38 of equalizing 
levers in Eastwick & Harrison's "Hercules." 
With the bar frame, the leading truck and 
equalizing levers, the American locomotive 
became the best machine in the world for 
heavy loads and high speeds on a track that 
caused nearly every imported engine to come 
to grief sooner or later. 

At about the same period the ever-increas- 
ing loads demanded an increase of adhesive 
weight, and the so-called "American eight- 
wheeler" appeared in 1837 built by Campbell 
and used on the Philadelphia, German- 
town & Norristown Railroad. This en- 
gine had inside cylinders, but one of 
this type, with outside cylinders, was 
built by Norris in 1838 for the Baltimore & Ohio Rail- 
road and was one of the earliest of that class, a good 
example of which is illustrated in Fig. 7. It was built 
in 1845 by Rogers, Ketchum & Grosvenor for the Hart- 
ford & New Haven Railroad. The cylinders were ll 1 ;.. 
inches diameter by 18 inches stroke. Driving whesls 
5 feet diameter. This engine was followed by Winans' 
"Camel" engine of 1848, having eight coupled driving 
wheels and weighing 25 tons. In order to ascend heavy 
grades Winans brought out his "Centipede" in 1852. 
This engine had eight coupled driving wheels and a 
four-wheel truck. The total weight of the engine was 
45 tons, but it was eclipsed in 1857 by Milholland's 
twelve-wheel engine "Pennsylvania," its enormous 
weight of 50 tons being distributed over twelve coupled 
wheels of 3 feet 7 inches diameter. The cylinders were 
20 inches diameter by 26 inches troke, and the heating 
surface was 1328 square feet. These, however, were 
special designs and were in advance of the common 
practice, the average weight of passenger engines in the 
early fifties being 20 tons, and of freight engines 30 
tons. At the close of this period the domed fire-box 
gave place to the wagon top boiler, so that by the year 
1853 the American passenger engine had assumed the 




Fig. 10.- Largest Passenger Locomotive in the World. 1902. Chesapeake and Ohio Railroad. 
SOME TYPES ILLUSTRATING THE DEVELOPMENT OF THE LOCOMOTIVE. 



driving wheels, 4 feet 8% inches; boiler, 3 feet 4 
inches diameter by 6 feet long; heating surface of 
tubes 117.75 square feet; fire-box heating surface, 20 
square feet; total 137.75 square feet. Area of fire- 
grate, 6 square feet; working pressure, 50 pounds per 
square inch. Weight of engine in working order 4 
tons 5 hundredweight. Weight of tender loaded, 3 tons 
4 hundredweight; total, 7 tons 9 hundredweight. At 
the celebrated Rainhill trials this engine hauled a 
coach filled with passengers at a speed of 24 mile3 an 
hour, and its average speed with a load of 13 tons was 
15 miles an hour. On a later occasion it is said to have 
covered a mile in 60 seconds when running without a 
train. 

Turning again to the United States it appears that 



THE I.EAIHXd THICK. 

As before stated, the English engines were not 
adapted to American conditions, their rigid wheel 
bases causing constant derailments. Ross Winans and 
John B. Jervis experimented with swiveling, four- 
wheel trucks in 1831-32, and although trucks or 
"bogies" were used in England for many years prior 
to the period under notice, it appears that John B. 
Jervis is entitled to tKe honor of having first applied a 
leading truck to a locomotive. This engine, named 
"Experiment," is. illustrated in Fig. 6. It was built in 
1832 and did satisfactory duty on the Mohawk & Hud- 
son Railroad, frequently attaining a speed of a mile a 
minute. 

In this same year William T. James, of New York, 



form which it has to-day, the only difference being in 
matters of dimensions and weight. 

The increasing weight of trains now demanded a trac- 
tive power beyond the capacity of the eight-wheeler, 
and additional coupled wheels came into use, the year 
1846 marking the appearance of Norris's 10-wheeler 
"Chesapeake," the six coupled driving wheels of which 
were 3 feet 10 inches diameter and the cylinders HV2 
inches diameter by 22 inches stroke; weight 20 tons. 

At the beginning of the sixties the rapid increase in 
train loads called for heaviei locomotives, and the 
"Mogul" engine (Fig. 8) built at the Rogers Works, 
with six coupled driving wheels and a two-wheel truck 
was adopted for- freight purposes. The weight of this 
engine was about 35 tons When it was found that the 
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Moguls woul<i haul more cars than the average freight 
engine, additional cars were soon forthcoming — the 
transportation department always keeping ahead of the 
motive power — and a fourth pair of driving wheels 
was embodied in the engine "Consolidation," built by 
Baldwin in 1866. This engine weighed about 45 tons, 
but in 1881 the "Mastodon," an engine with the same 
number of coupled wheels as the "Consolidation" but 
with a four-wheel truck made its appearance. This 
engine weighed about 50 tons and did some remarkable 
hauling at that time, its tractive effort being about 14 
tons. 

THE LOCOMOTIVE'S UKOWTH. 

It is of interest thus to note the enormous growth of 
the locomotive engine, for by referring to the dimen- 
sions of Stephenson's "Rocket," previously recorded, 
we find that the tractive effort of that engine was about 
785 pounds, and compared with one of the latest power- 
ful freight engines (No. 940), built at the Baldwin 
Works for the Atchison, Topeka & Santa Fe Railroad, 
not only Stephenson's locomotive, but all the others 
herein noticed are as pigmies to a giant, for "940'' 
weighs 133Vi tons; the diameter of the boiler is 6 feet 
0% inches. The total heating surface is 5,390 square 
feet; grate area 58.5 square feet. Working pressure 
225 pounds per square inch. The compound cylinders, 
four in number, are 19 inches and 32 inches diameter, 
with a common stroke of 32 inches. The drawbar pull 
is no less than 31 tons, sufficient to lift as a dead weight 
a passenger engine of thirty years ago. 

Since the days of Watt, the question of the economi- 
cal use of steam has been one of the most important, 
and much has been done by expanding the steam in 
a plurality of cylinders; but in the case of the loco- 



& Ohio Railroad by the American Locomotive Company 
at their Schenectady works, and certainly does great 
credit to her designers. The cylinders are 22 inches 
diameter with a stroke of no less than 28 inches, so 
that with the 72-inch driving wheels and a steam pres* 
sure of 200 pounds on the square inch, the tractive 
power of this magnificent locomotive is 16 tons. The 
total heating surface is 3533.28 square feet, and the 
weight of the engine and tender in working trim is 
154 Vi tons. 

This class of engine is known as the "Mountain" 
type, and is coming rapidly to the front for hauling 
the fastest trains over exceptionally heavy grades. 

On page 399 we give a graphic illustration of the 
growth of the American locomotive from 1831 to 1902; 
which, with the data given below the cut, needs no 
further explanation. 

An attempt has thus been made to trace the develop- 
ment of the American locomotive in bare outline; but 
the history of this important and interesting subject 
has yet to be written. If it ever appears, we shall 
incline to share the opinion of John Bright expressed 
in one of his speeches in the House of Commons, when 
he said: "Who are the greatest men of the present age? 
Not your warriors, not your statesmen; they are your 
engineers." 

THE RAILROAD SYSTEM OF THE UNITED STATES. 

If one were called upon to name the field of engin- 
eering in which the vast scale upon which things are 
done in this country is most strikingly shown, he 
would be safe in pointing to the colossal railroad sys- 
tem of the United States. In respect of the total length 
of track, the total number of locomotives and cars, the 



to take- a shell of the Pyramid, composed merely of the 
outer layer of stone, and place it over the Capitol, it 
would practically shut it out from view, and the apex 
of the Pyramid would extend 200 feet above the high- 
est point of the Capitol's dome. 

The total length of the railroads in operation in the 
United States at the close of the fiscal year 1901 was 
195,887 miles, this total not including track in sidings, 
etc. If these railroads could be stretched out in one 
continuous line, they would be sufficient to girdle the 
earth. at the equator more than eight times; or, if 
started from the earth and stretched outward into 
space, they would reach four-fifths of the distance 
from the earth to the moon. 

Steel Rails. — Now, to arrive at an estimate of what 
it has taken in material to build this length of rail- 
road, let us assume that a fair average size of rail is 
one weighing 75 pounds to the yard. Much of the track 
in the Eastern States weighs 80, 90 and 100 pounds to 
the yard, while most of the track west of the Missis- 
sippi weighs 70, 60 and in some instances as low as 56 
pounds to the yard. On this basis it is an easy cal- 
culation to determine that the total weight of these 
rails is over 25,000,000 tons; and if the mass were 
melted and cast in solid pyramidal form it would con- 
tain 105,540,000 cubic feet, and would be over fifteen 
per cent larger than the great Pyramid itself. If the 
rails were cast in one rectangular block, it would form 
a mass 436 feet square on the base and equal in height 
to the Washington Monument, which towers 550 feet 
above its base. 

Railiioad Ties. — The railroad ties used in this coun- 
try vary in size from a tie 8 inches wide, 6 inches deep 
and 9 feet long to ties as much as 12 inches in width 
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motive it is a problem of peculiar difficulty by reason 
of the small compass within which the extra parts 
must be inclosed. Within recent years, however, many 
well designed compound engines have been built, a 
notable example being illustrated in Fig. 9, which 
shows an engine of the "Atlantic" type built at the 
Baldwin Works under the Vauclain patents. It will 
be seen that the cylinders are arranged in pairs, the 
high pressure above the low pressure, the piston rods 
engaging a common crosshead. The cylinders are 13 
inches and 22 inches in diameter by 26 inches stroke. 
Piston valves are used, being placed on the inner sides 
of the high pressure cylinders. The driving wheels 
are 84 inches diameter, and the engine and tender 
together weigh 227,000 pounds. An average speed of 
71 miles an hour has been maintained by this engine 
on a run of over fifty miles with a train of five or six 
coaches weighing 200 tons. 

The latest of the "Atlantic" type are some fine en- 
gines built for the fast passenger service of the Penn- 
sylvania and New York Central lines between New 
York and Chicago. Illustrations and particulars of the 
performance of the latter are given elsewhere in this 
issue. 

As in 1836 it was found necessary to build four- 
coupled engines for "heavy" freight service, so about 
twenty years ago six-coupled engines for heavy passen- 
ger service came into the field, and it is noteworthy 
that some of the fastest speeds recorded have been 
attained by engines of this class, and in order to main- 
tain high speeds with the heavy modern passenger 
coaches some remarkably fine engines have been placed 
in service, a striking example being illustrated in Fig. 
10, which shows the largest passenger locomotive in 
the world. This engine was built for the Chesapeake 



veritable army of employes, and the gross value of 
capital invested, our railway system is so huge that it 
stands absolutely in a class by itself among the rail- 
road systems of the world. It is equally true that in re- 
spect of the character of its track, rolling stock, its gen- 
eral equipment, and methods of operation, it is marked 
by national characteristics which distinguish it far 
more sharply from the great European and Asiatic 
roads, than they are distinguished from each other. 

In attempting to impress upon the mind the magni- 
tude of the properties and the operations represented 
by the statistics of such huge interests as the rail- 
roads of the United States, where the figures run into 
the millions and billions, it is necessary to translate 
these figures into concrete terms and refer them to 
some widely-known standard of measurement, whether 
of distance, weight, or bulk. In the present instance, 
our artist has endeavored — and we think very suc- 
cessfully — to transform the statistics of our railroads 
into concrete form by taking as a unit of measurement 
the greatest single constructive work of man, the great 
Pyramid of Egypt, with whose dimensions every voting 
American citizen is perfectly familiar, or if he is not, 
ought to be. From time immemorial the great Pyramid, 
being one of the original seven wonders of the world, 
has been a favorite standard of comparison with other 
great constructive works. It measures some 756 feet 
on the base by 481 feet in height, and contains about 
91 Vi million cubic feet. Now, before we can use even 
this well-known standard and be sure that it will con- 
vey its full impression to the average reader, we must 
compare the Pyramid itself with some big and well- 
known structure, and for this purpose our artist has 
drawn the Capitol of Washington at the side of the 
Pyramid, both on the same scale. If it were possible 



and 8 inches in depth. A fair average would be a tie 
10 inches in width and 7 inches in depth and 9 feet 
long, and a good average spacing would be 24 inches, 
center to center of the ties, or say 2,600 to the mile. 
On this basis we find that, could all these ties be gath- 
ered together on the Nile desert and piled one upon an- 
other into a pyramid of the same proportions as that 
at Gizeh, it would form a mass twenty-four times as 
great as the Pyramid of the Pharaohs, measuring 2,200 
feet on its base and reaching 1,390 feet into the air. 

Rock a.nii Giiavel Ballast. — After the ties and rails 
have been laid in the construction of a railroad the 
ballast cars pass over it and unload their broken rock 
or gravel, which is tamped beneath and filled around 
the ties to form a solid but well-drained foundation. 
On some of our eastern roads the depth of the ballast 
will exceed 18 or 20 inches; on the other hand, some 
of the western roads have none at all, although of late 
years a vast advance has been made in the ballasting 
of the more cheaply constructed systems. Assuming 
an average depth of 12 inches of ballast, we find that 
if the railroad builders of the United States had con- 
centrated their efforts, as did the Egyptians of old, on 
a single structure on the banks of the Nile, they would, 
in a period of years not much greater than that required 
to build the Pyramid, have raised a pyramid of their 
own 135 times greater in bulk than the tomb of Cheops. 
This vast pile would measure 3,900 feet on each side at 
the base, and would lift its head nearly half a mile into 
the air, or to be exact just 2,500 feet. Were the spirit 
of the great Cheops to return to earth, and attempt to 
pace off the distance around the base, it would have to 
step out some 5,000 paces, or say three miles, to make 
the circuit; and should it climb to the summit, it 
would have to make a journey of about three-quarters 
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of a mile. So much for the roadbed and the track. 
Now let us turn our attention to the equipment. 

Locomotives. — At the close of the fiscal year 1901, 
there were in service on the United States railroads 
39,729 locomotives. Assuming that the average loco 
motive fills a block 10 feet wide by 15 feet high by 50 
feet long, and that all these locomotives could be 
brought into review at Gizeh and there piled up into 
one great block, a locomotive that would fill that block 
would be 510 feet in height and 1,700 feet, or say a 
third of a mile in length, its smokestack towering 29 
feet above the summit of the Pyramid. 

Passenger Cars. — There are 35,800 passenger, mail 
and baggage cars on our railroads, and a typical car 
representing the space occupied by these would be 500 
fset high and 1,950 feet in length, and it would take 
3% great Pyramids to equal it In bulk. 

Freight Cars. — As far as the equipment is con- 
cerned, it is in the extraordinary number of the freight 



cars employed that we get the best idea of the great 
scale upon which our railroads are operated. The 
total number of cars is 1,409,472. They vary, of course, 
considerably in size, capacity and type, there being in 
addition to the familiar box car, the coal cars of var- 
ious sizes and type, the freight cars, and a small num- 
ber of miscellaneous cars for railroad construction and 
other purposes. A single box car representing the 
space occupied by all these freight cars would be two- 
thirds of a mile in length and one-quarter of a mile 
in height. The Pyramid of Cheops would reach about 
to the floor of the car. Were the Eiffel Tower set 
alongside of it, it would reach only two-thirds of the 
distance to its roof, while the whole Brooklyn Bridge, 
with its anchorages, could be placed bodily inside the 
car, and if the foundations of its piers rested upon the 
car floor, the summit of its towers would still reach 
only half way to the roof of the car. 
Employes. — It requires over one million employes 



for the maintenance and operation of our railroads. 
Of these nearly one-half are engaged upon the track 
and roadbed, in proportions made up as follows: There 
are 33,817 section foremen, each of whom has a 
stretch of a few miles of track under his charge, and 
a gang of from five to eight or ten section men, his 
duties being those of maintaining the track in proper 
level and line, seeing that the track bolts are kept 
tight, the joints in good order, and that the roadbed 
is properly trimmed, graded, and drained. The total 
number of trackmen employed in the section gangs, 
as they are called, is 239,166. There are also 47,576 
switchmen, flagmen, and watchmen, who are engaged 
in switching work at the yards, in guarding the level 
crossings, and in patrolling the track. There are also 
over 7,423 men employed on work trains and other 
work incidental to track maintenance. In addition to 
these there are 131,722 laborers engaged in construc- 
tion and repair and maintenance work of various kinds, 
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making a total engaged on track work and general 
labor connected therewith of 459,704 men. Carrying 
out our system of comparison with some standard of 
bulk, we have chosen the Park Row Building. New 
York, which has a total height of 390 feet. If this 
army of trackmen and laborers were combined in one 
typical giant, he would be some 385 feet in height and 
of proportionate weight and bulk. The next largest 
item is the machinists, of which there are 34,698, the 
carpenters, of which there are 48,946, and various 
other shopmen engaged in the repair and general main- 
tenance of the rolling stock to the number of 120,550, 
making a total number of skilled and unskilled men 
in the railroad shops of 204.194. The next largest 
total is that of the station agents, baggage masters, 
porters, etc., there being 32,294 station agents and 94,- 
847 baggage masters, porters, etc. Then follow th? 
conductors and brakemen, 32,000 of the former and 




Tile upper disk is a red home signal ; the lower is a u'-tant siguai, gram. 
Both indicate that their respective sectioos are oc mpied. 

Fig. 1.— Hall Automatic Block Signals on the Pi ladelphia 
and Reading Railroad. 

84,493 of the latter. There are 92,458 enginemen and 
firemen. 45.292 of the former and 47,166 of the latter. 
Employed in the general offices of the various railroad 
companies, in performing the vast amount of clerical 
work required, there are 39,701 clerks, while sheltered 
under the same roof is a body of men upon whom as 
much as or more than any other in the whole army 
of railroad employes falls the responsibility of the 
safety of trains and passengers — the telegraph opera- 
tors and dispatchers, of whom there are altogether 
26,606. The smallest in number, but controlling the 
whole of this vast organization, are the general offi- 
cers, presidents, vice-presidents, treasurers, secretaries, 
etc., of whom there are 4,780. 

Money Vai.uk. — Perhaps, after all, the most remark- 
able figures are those which show the total value of 
the railroad 
system of the 
United States, 
which ex- 
pressed in 
figures is 13.- 
308,029,032 dol 
lars. If this 
sum were rep- 
resented in ten- 
dollar gold 
pieces, and 
these pieces 
were set o n 
edge, side by 
side, they would 
reach more 
than half way 
from New York 
to San Fran- 
cisco, or 1,700 
miles. Or were 
this coin melt- 
ed and run into 
a single cast- 
ing, it would 
form a column 
15 feet in di- 
ameter and 259 
feet in height. 



R.a.ilroa.d SigrvaJs. 

BLOCK AND INTERLOCKING SIGNALS. 

BY B. B. ADA.1I>. 

Signals have come during the last dozen years to be 
an important feature on many railroads, where, a 
short time ago, there were but scat- 
tered plants here and there. The 
great increase in traffic has necessi- 
tated the introduction of block sig- 
nals to space fast trains; and 
at terminals, junctions and large 
yards interlocking signals are now 
necessary to celerity and safety, 
to say nothing of economy. Over 
25,000 miles of American railroad 
are now worked by the block 
system, and the interlocking ma- 
chines in yards and at crossings and 
drawbridges aggregate over 40,000 
levers; and it may be remarked in 
passing that the next few years ought 
to witness the doubling of these fig- 
ures. On about 4,000 miles of the 
25,000 the signals are automatic, and 
the more recent installations of 
these signals embody numerous in- 
genious refinements in this class of 
machinery. There is a healthy 
rivalry between the makers of the 
different designs, so that within 
a hundred miles of New York 
one may see four or five different 
kinds of automatic signals. The 
automatic signal is a distinctively American de- 
velopment, the railroads of Europe having only 
recently begun to take an interest in it, and our 
illustration. Fig. 4. shows four signals in one of the 
latest installations — that on the Pennsylvania Rail- 
road westward from Philadelphia. This is a four- 
track railroad, each track being used only for trains 
in a given direction.* 

As the reader already knows, the essential feature 
of the automatic block signal is an electric current 
flowing through the rails of the track. The signal 
being at the entrance of a block section, which is. say, 
three-quarters of a mile long, the battery for the cur- 
rent is at the outgoing end ; and when the rails of the 
track, throughout the section (and also the rails of 
side tracks and crossovers, so far as they foul the 
main track) are clear — not occupied by wheels at any 
point — the circuit of the battery is through the right- 
hand rail of the track to the electro-magnet at the 
signal, thence to the left-hand rail and by that back to 
the battery. This circuit being closed, the electro mag- 
net at the signal is energized and holds the signal, 
through the medium of a stronger electro magnet, 
worked by a local battery, in the all-clear or go-ahead 
position. The entrance of a train short circuits the 
current through the wheels and axles, de-energizing the 
electro-magnet (relay); and the signal, by force of 
gravity, assumes the stop position, thus warning 



the next following train not to enter the section 
The signal remains at - 'stop" until every pair oi 
wheels has passed out of the section. The signals 
marked A 17 in the illustration Fig. 4 are for the twc 
westbound tracks of a four-track railroad; those on 
the right-hand mast being for the right-hand or outer 




Fig. 2.— Grafton Three-position Automatic Block Signals on the Pittsburg, 
Fort Wayne and Chicago Railroad. 



irack, and those on the left-hand being for the inner 
track. The lower arm on each post is a distant or 



* The upper arm (home signal) on the right-hand mast is at " stop." 
protecting: from following trains the train stoi in the distance. The lower 
(distant) arm, being also horizontal, indicates that the home signal of the 
next succeeding block section may be expected to be found in the stop 
position. The arms on the left-hand must are for the second thick. 
Both of these indicate " ail clear, 11 allowing thai on that track the next 
two block sections are unoccupied. The signals at the extreme left of th e 
photograph, which are for the two eastbound tracks, indicate that both 
those tracks are occupied in the section immediately ahead, and also m 
the one ni'Xt beyond. The train on one of the tracks is seen in the 
illustration, the arm htiving assumed the stop position immediately 
after the first wheels of the engine passed the signal. 





Fig. 4.— Westinghouse Electro-Pneumatic Semaphore Block Signals on the Pennsylvania Railroad. 
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Fig. 3.— Details of Electro-Pne maiic Semaphore. 

cautionary signal, informing the engineman of the 
position of the "home" or stop signal at the entrance 

of the next suc- 
ceeding block 
section.* This 
provision is 
made for the 
purpose of 
avoiding loss 
of time during 
fogs, or when- 
ever the en- 
gineman can 
r.ot see a stop 
signal until he 
comes within a 
short distance 
of it. With the 
distant signal, 
he has notice 
about 4,000 
feet before 
reaching a 
home signal 
whether or not 
he is to expect 
to a stopped 
ly it; so that 
in spite of fog 
or darkness he 
may run as fast 
as he pleases, 
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Fig. 5.— Signal cabin at the Grand Central Station, Chicago. 



within a limit of a rate of speed which will permit 
him to stop within a distance of 4,000 feet. The dis- 
tant signal is controlled by the movements of the cor- 
responding "home" through the medium of a wire 
on poles; or, by means of a polarized relay, it can be 
controlled by the track circuit of the section between 
the home and 
its correspond- 
i n g distant. 
This does away 
with the line 
wires and ob- 
viates certain 
disturbances by 
lightning. 

These signals 
are the West- 
inghouse elec- 
tro-pneumatic; 
the power for 
movingthearm 
to the down- 
w a r d or all- 
clear position 
being com- 
pressed air, 
a t about 7 
pounds per 
square inch, 
acting through 
a cylinder fixed 
in an iron box 
at the foot 
of the mast. 

This cylinder is shown in section at C, Fig. 3. The 
pneumatic pressure is conveyed from a compressor to 
the several signals along the line, for a distance of 
10 to 20 miles, by means of an iron pipe buried in 
the ground. As will be seen from the detail view, 
the air, entering the cylinder at its upper end, forces 
downward a piston which by its lever pushes up the 
signal rod (inside the cylindrical iron mast) and 
thereby moves the arm of the signal 
downward. On the release of the pres- 
sure from the cylinder, which occurs when 
a train enters the block section, the sig- 
nal arm flies to the horizontal or stop 
position by gravity, the casting on its 
left-hand end, with the vertical rod with- 
in the post, furnishing the weight to do 
this. An accidental failure of air would 
have the same effect, throwing the signal 
to the stop position, thus bringing to a 
stand any train which might come along, 
and compelling the engineman to report 
the cause of the failure, which the in- 
spector then finds and removes. The con- 
struction of the electro-magnetic valve 
whereby the track circuit, when closed, 
keeps the cylinder C charged with air, 
will be understood from an inspection of 
the drawings. The de-energizing of this 
magnet, on the entrance of a train, is due 
to the fact that nearly all of the electric 
current flows from one rail to the other through the 
wheels and axles of the cars, as before explained. In 
Fig. 4 the lamps on the left-hand mast of signal A 17 
show an uncolored ("white") light indicating at night 
"all clear." When the arm of a home signal assumes 
the horizontal or stop position a red glass comes in 
front of the light, giving the stop indication. On a 
number of prominent railroads the all-clear indication 
is now green instead of white; 
and in such cases the distant 
signal also shows green for all 
clear, while for the caution in- 
dication the distant is made to 
show, on some roads yellow, 
and on others a combination of 
red and green, a red light and a 
green light being fixed close to- 
gether, side by side. 

The signal just described is 
the semaphore. This is the 
type most extensively used, be- 
cause it is easily discernible 
under adverse conditions; but 
on a number of roads the disk 
is the favorite for automatic 
signals. Fig. 1 shows Hall auto- 
matic disk signals — a home and 
distant — on the Philadelphia & 
Reading. The Hall signal was 
the pioneer of its kind, and so 
well was it designed that those 
of the latest designs are sub- 
stantially identical in their 
main features with those put 
up more than thirty years ago. 
The disk signal is worked 
wholly by the power of the 
electro-magnet, requiring no 



compressed air or other costly force. The disk, which 
is of silk or other light fabric, stretched on a ring, is 
balanced on a pivot and is controlled by the armature 
of the electro-magnet. In the engraving both disks are 
visible. The upper (home) indicating stop and the 
lower (distant) indicating caution. They remain in 



Fig. 6.— Connections from Cabin to Switches and Signals. 



this position by force of gravity. The section of track 
covered by this home signal is now occupied by a 
train (beyond the curve). When this train clears the 
block section the energizing of the magnet lifts the 
disk so that it is concealed within the case, and its 
absence, showing the white interior of the case, indi- 
cates "all clear." As in all automatic signals, a failure 
of the electric current or the presence of a pair of 




Theswitch in the illustration is a derailing switch. The detector bar is seen at the left of the left-hand rail. 

Fig. 7.— Electric Motor for Switch. 



wheels on the track within the section, withdrawing 
the current, will cause the stop signal to be dis- 
played. 

In Fig. 2 we see the three-position signal, which has 
found considerable favor during the past few years. 
In this arrangement the single arms serve both as 
home or positive signal and also as a distant or cau- 
tionary. For example, the one at the right, in the 




Fig. 8.— Taylor Signal Company's Electric Interlocking switch and Signal Machine with Case Removed 
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cut, when horizontal, indicates stop; when hanging 
downward at an angle of 45 deg. from the horizontal 
it indicates all clear for this section, but means also 
(the same as a distant signal) "be prepared to stop 
at the next signal;" when downward in a practically 
vertical position, as shown in the cut, it indicates all 

clear for its 
own section 
and also indi- 
cates (perform- 
ing the func- 
tion of the 
distant signal) 
all clear for the 
next succeed- 
ing block sec- 
tion. 

These signals 
are worked by 
an electric 
motor fixed in 
the box at the 
foot of the 
post, a motor 
for each post. 
All of the mo- 
tors along a 
stretch of 10 to 
20 miles of line 
are actuated 
by energy from 
storage batter- 
ies, which are 
kept in wells 
sunk in the ground near the signal, and the batteries in 
turn are charged by a dynamo situated at a central 
point. The double copper feed-wire is strung on the 
telegraph poles. Signals moved by electric motors are 
now made by a number of different companies and are 
in use on half a dozen roads. 

INTERLOCKING. 

Block signals are noticed and appreciated by every- 
body, because their beneficent office in 
preventing collisions is at once under- 
stood; but interlocking is equally import- 
ant in its sphere; and it is often a more 
direct money-saver. In a crowded yard 
the concentration of the switch and sig- 
nal levers in one cabin saves innumerable 
steps and enables one man to do work 
formerly done by five or more; and the 
interlocking of one lever with any other 
lever in the same frame prevents this 
one man from becoming confused by the 
multiplicity of operations that he has to 
perform, and giving conflicting signals 
which would lead to a collision of trains; 
and the two — concentration and interlock- 
ing — are the advantages for which a rail- 
road will spend from $25,000 to $200,000 
at a large yard. 

The most common form of interlocking 
is that in which the several switches are 
connected to levers in the cabin by rods 
(gas pipe) supported on rollers close to the ground. 
The levers moving these rods, perhaps twenty, 
fifty or a hundred in a single frame, are all 
mounted on the same axis. For signals (but not for 
switches) wires may take the place of the rods. The 
common types of interlocking are no doubt familiar 
to the reader. Fig. 6 shows a part of the "lead-out" 
and connections of a large plant in Chicago. STich 
large bodies of rods as that here 
shown are usually covered with 
wooden boxing, so that the yard- 
men will not stumble over 
them. 

In crowded yards it often 
occurs that the space occupied 
by the signal rods is needed 
for tracks or buildings, and for 
this and other reasons com- 
pressed air and electricity have 
been introduced for working 
the switches and signals, the 
air pipes or electric wires being 
buried in the ground. The 
most familiar type of the power 
switch-and-signal machine is 
the electro-pneumatic, in which 
the functions are performed on 
the same general principles as 
with the block signals shown 
in Fig. 4; the signals of an in- 
terlocking plant being worked 
by pneumatic pressure a s 
shown in Fig. 3. A cylinder 
for a switch is fixed horizontal- 
ly on the sleepers at the ::ide 
of the track. The completion 
of the movement of a switch 
is made to convey an electrical 
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lkTO LONG and unnecessary 
A ^ memorizing, weary hours 
over verbs and declensions, 
elaborate rules, or otber waste 
of time over antiquated meth- 
ods of learning a language. 

A 20th Century 
Scientific Marvel 

It Instructs one or a dozen, old 
or young, once or a hundred 
times, whenever, wherever 
convenient to you. It is supe- 
rior to private or classroom in- 
struction. 



French 

German 

Spanish 



iiiAiAiAi^i<ii4 



BUT pleasant mental recrea- 
tion, by which you learn a 
language almost unconscious 
ly, pronounce it correctly, and 
remember it permanently, and 
all this at an expense within 
reach of all. 

For Quick, Ee.sy 
Mastery of French., 
German and Spanish 
It reproduces the voices of 
great teachers in the Spanish, 
French or German langua- 
ges. Enable* you to speak, read 
and write the language in six 
weeks. 



The Greatest Linguist of the Day will Personally Instruct You by the 

Language-Phone Method 

AT YOUR OWN HOME 

DR. RICHARD S. ROSENTHAL, the world-renowned linguist, after long and careful experiment- 
ing, has been successful in perfecting a wonderful system through which the living voices of 
cultured: native professors of the respective languages, under the personal direction of one of the 
most celebrated linguists of the age, are brought to your ears and your home without loss or defect, 
every accent and intonation being reproduced with the utmost purity and nicety. 

What the modern electric car is to the antiquated stage coach thin 
PHONE METHOD of teaching foreign languages is to the old systems. 



A Wonderful Combination of 
Aooompll8hments. 

By this system any person of 
ordinarv intelligence, youna or old, 
can quickly and easily learn to speak 
accurately any of the above langua- 
ges. When we say *ueak we do not 
mean able to imperfectly pronounce 
a few words and sentences, but to 
converse readily and with the fullest 
confidence with a native in that par- 
ticular language. 

The teacher is the reproduced 
voice of a cultured native; conse- 

Suently the accent, the pronuncia- 
on, the idiom are perfect. There 
can be no mistake, or chance of mis- 
understand ing. The voice is per- 
fectly clear and distinct. Every 
syllable is loudly enunciated until 
your ear catches the trick of pronun- 
ciation and your mouth repeats it. 
With an open text book before you 
—corresponding to the lesson on the 
record— and the listening device at 



THREB 
IMPORTANT POINTS 
OF SUPERIORITY. 
I. 
Pronunciation to be 
properly learned must be 
heard. With the Language- 
phone Method you bear 
pronunciation of native 

grofessors, insuring AB- 
OL.UTE ACCURACY 

II. 

It is the most Practical 
Method, being now success- 
fully used in every country, 
and receiving the strongest 
indorsement from students 
and educators. 
III. 

Exercises preparedby 
pupils may also besent 
for examination and 
correction (free ot 
charge). 



your ear, your band moves a lever 
on the mactiine,and this talks at your 
will, repeating over and over again 
such words and sentences as you 
Wish to thoroughly master. Thus 
tbe ear, tongue, eye and memory are 
being taught at one and the same 
time— tbe kind of tuition that one 
never forgets, as the senses help 
each other to memorize. 

Several few-minute lessons daily 
will soon make you a master of 
colloquial French, German or Span- 
ish—whichever you elect to take up. 

College professors all over this 
and Other countries, and the press 
generally.have indorsed this perfect 
and natural system of teaching 
languages- Tbe method has received 
the indorsement of S7t;,000 teachers 
and pupils. The ma hniristo simple 
that any child can operate It. Hun 
by clock-work mechanism, durable 
and free from complicated devices, 
it Is a constant source of pleasure 
and Instruction to old and young 
alike. 



Reduced Price till January 1st and easy payment offer to Scientific American Readers 

Including Special Premium. Immediately after January 1st we shall raise tbe price. Until then we 
offer this marvel to Scientific American readers for only $40 ; regular price* $67.50 ; and on tbe 
easy payment plan, within the reach of all. 



Sentforonly 
$5 Down. 

The balance In easy 
payments of only 

$5 a Month 

Sign the Coupon 

to-day^^* 



International College of Languages, New York 

7 herewith inclose S.fXr* as first Payment, for which 

please send me the comp ete outfit for the + 

language, consisting of 'Plione, Listening Device, 25 
Records and set of 10 Text- Books, and the special be- 
fore Januarypremium of ' he Speaking and Pronounc- 
ing Manual. I agree to pay balance of $35.00 in 7 
monthly instalments of $5.00 each. Goons to remain 
your propertu until payments are completed. 

It is agreed that I can return the goods prepaid with- 
in three days of receipt, and my money to be re- 
turned provided the goods are received vn perfect co n- 
dition. 

NAME 

8. A. TOWN 

STATE 

* 10 p«r cent, allowed to those making full cash payments. 
t Specify which Language you want. 



Each Outfit 
includes 

One Language-phone, 
listening device, 25 
records, and a set of 
ten text-books and the 
new 

Speaking and Pro- 
nouncing Manual 

which has just been 
compiled. 

Free If You Order 
Before January I 
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"indication" to the cabin to insure that the go-ahead 
signal for that switch shall not be given prematurely. 
Besides the usual mechanical interlocking of one lever 
with another, the electro-pneumatic machine provides 
numerous additional safe-guards in the way of mag- 
netic locks. With a power machine the work of the 
signalman is reduced from that of pulling levers, 
weighted with heavy loads, to the turning of the 
extremely light handles at the front of the machine. 
By these handles long horizontal rods are rotated on 
their axes, and these in their revolution close the elec- 
tric circuits (thereby actuating the air valves) in 
proper sequence. The interlocking is effected by longi- 
tudinal and transverse rods at the top of the machine. 
In some machines a diagram of the yard is attached to 
the machine, and metal strips represent the tracks; and 
these are movable, so that every operation which takes 
place on the ground, by the act of the signalman, is 
repeated before his eyes in the cabin. 

At the Grand Central station, in New York city, and 
at various other large yards, the switches and signals 
are worked by the low-pressure pneumatic system. With 
this no electric power is required, the electro-magnet at 
the operating cylinder being 
supplanted by a diaphragm 
valve. The air-valve — one 

at each signal cylinder and 
one at each end of each 
switch cylinder — is opened or 
closed by the movement of a 
circular flexible diaphragm, 
moved up or down a quarter 
of an inch, by air at a pres- 
sure of seven pounds per 
square inch conveyed in a 
half - inch pipe from the . 
cabin. 

In the operating pipes the 
pressure is 15 pounds per 
square inch. When a switch 
or signal is not in use, its 
operating pipes are under at- 
mospheric pressure only. The 
interlocking is similar to that 
in other types of machine. 

Fig. 5 shows the signal 
cabin containing a low-pres- 
sure ("all-air") switch and 
signal machine recently 
erected at the Harrison Street 
station, Chicago. The cabin 
is supported on the six metal 
columns, in the way shown, 
for the purpose of economiz- 
ing ground room; one of the 
subordinate tracks of the 
yard occupying the space be- 
neath the building. The air 
pipes, extending from the 
cabin to the ground and there 
branching to the various 
switches and signals, are 
seen in the center of the 
drawing. 

The most recent develop- 
ment in the interlocking sig- 
nal field is the "all-electric" 
system of the Taylor Signal 
Company, of Buffalo. In this 
system all- the switches and 
signals are moved by small 
electric motors — a motor for 
each switch or signal; and 
the work of the signalman 
consists of opening or closing 
electric circuits. The inter- 
locking is mechanical, as in 
the other types described, 

and is placed vertically on the front of the ma- 
chine, as in the well-known Johnson type of mechanical 
interlocking. Extensive installations of this sys- 
tem have been made at Chicago, and in numerous other 
Western cities. Electric power is provided from 
a 60-volt storage battery, and as the current is re- 
quired only while switches or signals are being 
moved, the consumption of power is small. A gaso- 
line motor is usually used to run the generator 
to charge the storage battery. Fig. 7 shows a Taylor 
motor with the cover off. The connection at the right 
moves the detecter bar. The motor, through a suitable 
train of wheels, is made to revolve the large main gear 
one revolution for a single movement of the rails. The 
horizontal rod moving the rails receives its motion 
from a cam fixed to the main gear. When a switch 
movement is completed, the motor circuit is automati- 
cally broken and the motor at that moment is converted 
into a generator; and by its function as a generator, 
which lasts but a fraction of a second, it sends a 
current back to the cabin giving to the signalman the 
"indication" that the switch movement has been fully 
accomplished. For a single switch a 1 horse power 
motor is used, and for a signal a motor of 1-6 horse 



power. The dwarf signals ( used for slow yard move- 
ments) are in the Taylor system moved by a pair of sole- 
noids. The solenoids, fixed vertically at the bottom of the 
signal post, are energized by a current from the cabin 
and lift a vertical rod which forces the sigiit. 
downward. In case of failure of any part, the rod .- 
forced downward by a spring, throwing the signal 
arm up to the stop position. 



COMPRESSED AIR AS A TRANSPORTATION AGENT. 

BY WAI.1MIN FAWCETT. 

With a more extensive use of compressed air for 
power purposes has come a corresponding broadening 
of the scope of its employment as a transportation 
agent, and indeed it has been conclusively proven that 
pneumatic traction has decided advantages over all 
other forms of mechanical haulage for a large variety 
of operations. Prominent among these are the various 
phases of underground haulage. For coal mines where 
there is danger from mine gas its utilization is almost 
essential, whereas the advantages which commend its 
employment in non-gaseous mines are almost as potent. 
A rather unique field has been opened by the intro- 




Pneumatic Locomotive. 




Locomotive Driven by Compressed Air. 




A Compressed Air Locomotive. 
COMPRESSED AIR AS A TRANSPORTATION AGENT. 

duction of compressed air locomotives in railway tun- 
nels, where the smoke, vapor and gas from steam lo- 
comotives are objectionable. 

For the ordinary compressed-air haulage plant there 
are five essential features, namely, the locomotives, 
constructed to carry stored-up energy in the shape of 
compressed air, a charging station, a stationary 
reservoir, usually consisting of one or more storage 
tanks in which the air is compressed, an air com- 
pressor capable of compressing any desired number 
of cubic feet per minute to any pressure desired, and 
power for operating the compressor, either steam or 
water power being applicable for this purpose. The 
compressed air locomotives now most generally used 
are made by the H. K. Porter Company, of Pitts- 
burg, Pa. 

The general machinery of an air locomotive, cylin- 
ders, frames, wheels, etc., is usually very similar to 
that of a steam locomotive, save that the weight is 
greater, the bearings larger and the details of con- 
struction stronger than in a steam machine of the 
same power. The main points of difference are found 
in the fact that instead of the usual boiler with its fuel 
and water accessories for developing power, the air 



locomotive is equipped with one or more strongly 
i onst 'luted main storage tanks, which are charged 
w tY compressed air at high pressure, a combination 
.ator and automatic stop-valve and an auxiliary 
ow-pressure reservoir in which the air is carried at a 
iiniform working pressure for distribution to the cylin- 
ders. The cubic capacity and the pressure of air in the 
main storage tanks on a motor are determined, of 
course, by the amount of stored energy required by 
the length of the run which such a locomotive is to 
make and the weight of the train which it is called 
upon to draw. Not infrequently locomotives are built 
to carry an air pressure of 800 or 1,000 pounds, but re- 
lief valves make it impossible to charge the motor 
tanks to a higher pressure than is required. The initial 
storage pressure decreases, of course, while the loco- 
motive is working. As illustrating the capabilities of 
the compressed air motors, it may be mentioned that 
there are in service in this country a few locomotives 
which are fitted with seamless steel tubes and carry a 
pressure of from 1,500 to 2,500 pounds per square inch. 
The combination regulator and automatic stop-valve 
through which the high-pressure air passes from the 
main storage tank to the low- 
pressure or auxiliary reservoir 
is provided with mechanism 
which can be instantly ad- 
justed for maintaining what- 
ever pressure is found most 
economical in the operation 
of the motor. Ordinarily 140 
pounds per square inch is sat- 
isfactory, but in case of an 
emergency, such as getting 
derailed cars on the track, 
the pressure may be increased 
by immediate adjustment to 
150 or 160 pounds. Not only 
is the regulation of air be- 
tween the high-pressure and 
low-pressure reservoirs auto- 
matic, but it is at all times 
uniform, the air being ad- 
mitted as rapidly as it is 
needed and at the required 
pressure. 

For charging the locomo- 
tive storage tanks previously 
referred to, there are provid- 
ed the charging stations, 
which are connected with the 
stationary receiver or reser- 
voir by a pipe. It is custom- 
ary, when the reservoir or 
storage system is a pipe line, 
to have a charging station at 
each end of the line, so that 
the motor may take a charge 
of air at the end of each sin- 
gle trip or each round trip 
as required. Air locomotives 
may be charged either direct 
or by a reservoir. However, 
direct charging is very waste- 
ful, and consequently the 
method most generally ac- 
cepted involves the use of the 
stationary reservoir. 

The reservoir for a com- 
pressed-air transportation line 
usually consists of either a 
pipe line or one or more stor- 
age tanks of construction sim- 
ilar to the locomotive storage 
tank, although usually de- 
signed to carry a somewhat 
higher pressure. By means 
of the reservoir system the 
compressor may be kept in nearly continuous operation 
at a fairly uniform speed. By an automatic system of 
governing the compressor, when the work is light, slows 
down in speed, whereas when the demand for air in- 
creases, the speed is quickly brought up to the required 
capacity. 

In a pneumatic street car the storage reservoirs are 
carried on the car trucks and occupy the space under 
the seats. The operating, brake and controller stands 
on the platform are very similar to the corresponding 
stands on an electric car. In the operation of the 
car, the air leaving the storage tank on the car passes 
through a reduction valve, where the pressure is re- 
duced from 2,000 pounds to a working pressure of 
150 pounds. It then passes into and through the water 
in the heater, where it takes up the moisture and heat 
of which it was robbed after compression and before 
the air was permitted to enter the station storage tanks. 
This is the principle that was employed on the cars 
experimented with on the Metropolitan system, New 
York. In ordinary service an air car weighing some- 
what less than 10 tons will consume 400 cubic feet of 
free air per car mile, and in some classes of service 
the consumption is double that. 
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Catalogues are ready for you 



Send for 



The Davis <£ «£ 
Compression Coupling 

FOR LINE SHAFTING. 

"ITS A WINNER." 




Send for circular containing letters from practical men who use them. 

May be ordered through the trade everywhere. 

For further particulars, address 

THE W. P. DAVIS MACHINE CO., 

ROCHESTER.. N. Y 

Agents wanted In unoccupied territory. 



DIETZ AUTOMOBILE LAME 

Burns Kerosene, 24 Hours 
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An Automobile Lamp should have the follow- 
ing qualities : 
1st. It should he built strongly enough to 

stand the vibration and jar of machine 

and road. 
2d. It should give a good light, so as to 

light up the road thoroughly. 
3d. It should have a proper arrangement of 

draughts so that it will stay alight in 

spite of wind and jar. 
4th. It should be easy to clean and care for. 
5th. It should consume something which 

can be easily obtained anywhere. 

The Dietz I*nmp possesses all of these 
qualities. The best way to prove (or dis- 
prove) this statement, is to try it. We will 
take all the risk. Ask for full particulars. 



REDIETZ COMPANY 



771 
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GOODRICH 

Clincher Double Tube Automobile Tires 

The highest type of— the only construction that 
has demonstrated itself to "be a thoroughly 
practical success. ^ Will be the regular 
equipment on more touring cars in 1903 than 
all other makes of motor tires combined. ^ ^ 
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The Original Clincher Tire 

Holds World's Record (oval track) for all 
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to repair. The use of the Goodrich 
Clincher Tire enables the owners of 
machines to repair all punctures them- 
selves on the road without serious loss of 
time. Our catalogue is a text book on 
motor tires. Gladly sent on request. ^ 
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your trouble seems to be. 



and profit by my experience? If you are in doubt how you can improve 
your position in life ; if you feel that your work is not what you are best fit- 
ted for ; that you are not earning as much salary as you ought — write to me at once. 
T wish that you might sit for one short half hour in one of the easy chairs in my 
library ; then we could talk to each other face to face. However, you can write me. 
Tell me what you are doing, and how much you are earning. Tell me whether yoti like 
your present em pi 03'ment. Perhaps you feel that your talent demands another line of 
work, yet you dare not consider giving up your present employment, because you must 
live. Perhaps you would like some one to advice you what to do. 

My position as President of a great educational institution brings me into close and 
confidential relations with young people in all parts of the country. Whatever your 
difficulty may be, it is more than likely that I have given advice to many others similar- 
ly troubled. Few men have been more fortunate than I in having an opportunity to 
study the needs of the young people of our country, and the best method of starting 
them right. 

Our school, the Correspondence Institute of America, of Scranton, Pa., offers 
the following courses for home study : 

ELECTRICAL ENGINEERING (including INTERIOR WIRING and LIGHTING, ELEC- 
TRIC RAILWAYS, and TELEPHONE and TELEGRAPH ENGINEERING). 
PRACTICAL ELECTRICITY. ILLUSTRATING, CARICATURE, AD-WRITING, 
JOURNALISH, PROOF-READING, BOOKKEEPING and STENOGRAPHY. 

I have said that I would help you. and I will do so if you will place yourself ' 
in my hands. Send in your name and address and the Directors of my school will, 
I believe, issue you a / 

FREE TVITION CONTRACT 

This contract means that there will absolutely be no expense to you for tuition 
even though you may study for two or three years. The only cost to you will be 
the expense of postage and instruction papers, and these incidental expenses may 
be taken care of by you during the first four months. Take my advice, and look '%'• 

into this Free Tuition Contract. **'•■ 

I would state also that our Sales Department finds a market for our student's 
work in Illustrating and Ad- Writing. I don 't mean to say that the3' buy everything 
that is sent in to them ; they do buy, however, good work. 
~.~77 If any of our courses interest you, be sure and mention the subject when 

you write me. Address a personal letter to my private office, and tell me what 
If, through my experience, my advice may be of value to you, I shall be pleased to give you all the assistance in my 
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**«**\ 



power. 



ALT F*. CLARK, president 
CORRESPONDENCE INSTITUTE of AMERICA 



Box 689. Scranton, Pa. 
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A 10,000 VOLT ALTERNATING CURRENT LOCOMOTIVE 
FOR THE BERLIN-ZOSSEN EXPERIMENTS. 

The Berlin-Zossen experiments are about to be re- 
sumed with an alternating current locomotive designed 
by Herr Walter Reichel. It will be remembered that 
it was the Reichei car, described in 
the columns of the Scientific Ameui- 
ca.n and Sui'i'LEMEXT, which attained 
a speed of 155 kilometers and e^en 
160.2 kilometers an hour during the 
tests, speeds equivalent to 96 miles 
and 99.5 miles. It will, furthermore, 
be remembered that the tests were 
abandoned, because the track con- 
struction was defective, the rails 
being too weak and the substructure 
not solid enough. 

Reichel's locomotive is intended to 
reduce weight. With this end in 
view, he has abandoned transformers 
on the vehicle and supplied the line 
voltage of 10,000 volts directly to the 
motors. The old car weighed 96 
tons; the new locomotive 20 tons 
less, including passengers. The total 
horse power has been diminished 
from 1,000 to 920. These reductions 
will result in a saving of power, will 
diminish wear and tear and lighten 
the cost of maintenance. Moreover, 
the current flowing in the line will 
be diminished so that a considerable saving of power 
to be transmitted will be effected when running at full 
speed and when starting at the terminal points. 

The locomotive's underframe has four axles, similar 
to those of the old experimental car. The gage is the 
standard German; the wheels have a diameter of 49 
inches and meet with the requirements of the Prus- 
sian State Railways. Each bogie has a wheel base of 
10 feet 8 inches. There is room on each bogie for 
two motors; but only one has been mounted. The 
bearings are placed within the motor windings, for the 
reason that it is necessary to make the utmost use of 
the space between the wheels. In order to equalize 
pressure on the two bearings, the motor shaft is geared 
at each end to the car and axle. 

It was necessary to carry on experiments for the 
purpose of determining what system of lubricating 
would be most effsctive. When it is considered that 
the velocity of the gear teeth is about 59 feet per sec- 
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lubrication, the oil is pumped back to the oil reservoir. 
It is only with the higher velocities, obtained with a 
gear ratio of 2 to 1, that such a system of lubrication 
is necessary. For smaller velocities the ordinary 
methods are quite adequate. 

The oast-steel motor case is composed of two parts. 
The bearings are made in one part, bronze-lined with 
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ONE OF THE MOTORS OF THE 10,000 VOLT HIGH-SPEED ELECTRIC LOCOMOTIVE 



white metal. The active iron upon which the primary 
winding is mounted, is screwed into the motor case, 
while the rotor of the motor is fastened to the motor 
shaft by means of a sleeve. From this it follows that 
the motor can subsequently be arranged on the car axle 
for direct driving. 

The secondary winding is carried on the active iron 
of the rotor. A second sleeve holds two collector rings 
on the rotor, from which rings carbon brushes collect 
the current. The motor itself is lubricated by means 
of oil and wicks, a special arrangement having been 
here devised for the purpose of saving space. 

The primary winr'.ng on the experimental car was 
on the rotor, a construction possible only with bar 
winding. In the present case it was not necessary to 
construct the motor for a very high turning moment, 
since for the small starting torque required the rotor 
could be made smaller, and the primary winding placed 
on the stator. 



and to save space, the coils are placed alternately in 
longer and shorter tubes so that the longer ends lap 
over the shorter ones. 

Experiments were carried out for the purpose of de- 
termining what insulation would be most . effective. 
As a result of these experiments an insulation was 
adopted which has withstood a voltage of 22,000. The 
winding of the motor is a wave wind- 
ing connected in star and placed in 
90 half-closed slots. It consists of a 
number of single, flat copper wires 
arranged in series, four to the slot. 
Two of the free ends go to the col- 
lector rings, while the third is fixed 
to the core of the rotor. The pres- 
sure in these rotor windings is 700 
volts at starting. The use of bars 
for this winding facilitates the ap- 
plication of bronze rings to hold the 
winding against centrifugal force. 
Air enters near the shaft and is di- 
rected out through openings in the 
rotor casing by vanes. This current 
likewise cools the stator coils. Air 
pressure thus obtained is equivalent 
to several millimeters of water. 

Naturally the leading-in of the 

three high-pressure cables has been 

done with care. Cables insulated to 

stand 15,000 volts pass through three 

soft rubber brushes placed inside 

hard-rubber brushes. Ending in the 

three terminals, these cables are 

mounted on corrugated porcelain insulators attached 

to saddles which are supported on mica-insulated iron 

tubes fixed to the casing of the motor. 

The weight of the motor and gear is 9,000 pounds. 
The connections of the motor and controller are sub- 
stantially those previously described in the Scientific 
American Siim-i.eme.nt. The speed at starting is regu- 
lated by varying resistances in the rotor or secondary 
circuit which is insulated from the earth. The rotor 
resistance has twenty-four stops. The resistance 
coils are spirals of Kruppin wire held by porcelain 
insulators. This resistance is controlled by a hand 
wheel on a vertical spindle. The switches for the 
primary high-pressure circuit are worked by air pres- 
sure. 

On the completion of the locomotive, tests were made 
at a gradually increasing pressure, starting at 6,000 
volts and about 50 alternations. The final test was 
made at 11,000 volts and 95 alternations. With a 31- 
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ond, and that there are 147 teeth in the larger wheel, 
and 69 in the smaller wheel, the reason for these ex- 
periments is apparent. It was finally found that a 
system of forced lubrication with compressed air 
would answer the purpose best. The oil is driven out 
of the reservoir at a distributing cock which is turned 
to the right or left, depending upon the direction of 
the locomotive's travel. The oil flows through pipes 
to nozzles above or below the toothed wheel. After 



For the purpose of obtaining as much cooling space 
as possible, the cores of both rotor and stator were 
designed in a peculiar way. The slots are quite deep, 
and the coils within are wide. The laminations for 
the rotor are in one piece; those of the stator are 
made in segments. For the winding 72 open slots are 
used; with 77 wires per slot of the primary. The 
wires are run through mica tubes. In order to pre- 
vent the passage of sparks from one phase to .another 



ton trailer 65 miles an hour was the speed obtained. 
About 260 kilowatts were developed which corresponds 
to a load of about 280 horse power on the driving 
wheels. This agrees substantially with previous ex- 
periments at 62 miles per hour. 

It now remains to be seen whether the high speeds 
for which this road was built can be attained with a 
lighter locomotive. Probably not before the coming 
spring may definite results be expected. 
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Colt Automatic Machine-gun, 

(BROWNING'S PATEWT.) 



Catling Gun. 







Gasoline marine engines 



WE MANUFACTURE Marine Engines in sizes from 3 horse 
power upwards, one to four Cylinders. 
Our Engines are of the Four Cycle type. 
The Four Cycle type of Engine is more REUABEE, more 
ECONOMICAE, and more DURABLE than the Two Cycle. 

In excellence of Materials and Work- 
manship, we believe that our Engines 
surpass all others. 

If you will let us send you our new 
catalogue, and you will read it, you may 
not buy an Engine from us, but you will 
know a " dum sight " more about Gaso- 
line Marine Engines than you did. 

THE CHAS. A. STRELINGER CO. 

Box J2 A DETROIT, MICH. 




Acme Gas 
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A most efficient fuel to displace tne use of coke, coal and 
Ifuel oil for forging, welding and furnace work in general; 
land especially adapted to work formerly done with city gas 
lor natural gas, such as case hardening, japanning, galvan- 
izing, brazing, etc.; has been used by the United States 
■Government at Washington to the exclusion of all other 
■fuels for the past three years, in the Gun Factory of the 
■Navy Yard; is used by many of the largest manufacturers 
lof agricultural implements, tools and machinery, for heating 
[furnaces and forges of various kinds, and has increased the 
[output over coke and coal furnaces from 50% to 300%, 
[because of the rapidity and uniformity of its heat, and the 
[fact that the fire is continuous. Our plants range in cap- 
acity from 1,000 to 150,000 cubic feet per hour; are simple, 

lutomatic and of reasonable cost. The gas is made from 
|crude, distillate of petroleum at from 10 to 15 cents per 

thousand feet, and is free from all impurities. 

Pamphlets will be furnished to manufacturers and 
|furnace operators on application. 

THE ACME. GAS COMPANY, 

11010 Monadno ch Bld g. CHICAGO. ILL. 



© 1 902 SCIENTIFIC AMERICAN, INC. 



412 



Scientific American. 



December 13, 1902. 



THE VALTELLINA RAILWAY— THE FIRST STANDARD 
THREE-PHASE ROAD. 

Readers of the Scientific American are more or 
less familiar with the electric railway built by Ganz 
& Co., of Budapest, along the shores of Lake Como. 
The road was opened for regular traffic on September 
4 last, since which time it has been running faultlessly. 

The Valtellina line is 66 miles long, and of stan- 
dard gage. It runs along Lake Como and the 
River Adda, with three 
branches extending from 
Lecco to Colico, from Colico 
to Chiavenna, and from 
Colico to Sondrio. 

The central power station 
is situated at Morbagno, 
the water power of the 
River Adda being utilized 
to drive the turbines. The 
effective head of the tur- 
bines is 30 meters (98.4 
feet). There have been in- 
stalled three turbine dyna- 
mos, each with a capacity 
of 2,000 horse power at 150 
revolutions per minute. The 
three-phase alternating-cur- 
rent generators coupled di- 
rectly with the turbines 
generate current at a ten- 
sion of 20,000 volts at the 
terminals. This high-ten- 
sion current is led to the 
primary conductors of the 
line through a switchboard, 
and is transformed into 
three-phase alternating cur- 
rent at 3,000 volts by means 
of step-down transformers 
situated along the line. This 
stepped-down current is led 
to the contact wires, and 

thence directly to the motors of the vehicle. The 
primary conductors are extended along the line on the 
same poles which carry the contact wires. 

For the line at Lake Como the motor cars are 18.1 
meters in the carriage body and 19 meters (62% feet) 
over the buffers. The cars rest on two bogie-trucks, 
each having a wheel-base of 2% meters. Without pas- 
sengers a car weighs 50 tons, including the motors. 
The wheels are 1.17 meters (3.8 feet) in diameter, 
while those of the electric freight locomotives supplied 
to the same line have a diameter of 1.4 meters (4.59 
feet). The locomotive motor weighs 3.8 tons; its rotor 
about 1% tons. The car-motors with a smaller size 
wheel weigh 3% tons approximately. Bach series pair 
of these motors develops a full-load horse power of 150, 
while the high tension motor 
itself, when running at full 
speed with the low tension mo- 
tor cut out, yields about the 
same horse power. Thus, 300 
horse power are developed in one 
truck carrying two pairs of mo- 
tors, or 600 horse power (450 
kilowatts) on one train with 
front and rear driving cars. 

The current generated at the 
central station has a frequency 
of 15 per second. When running 
synchronously the high tension 
motors make 300 revolutions per 
minute. In the rotor of the same 
motor the periodicity currents 
vary according to the slip. 
During the start, when the high 
tension is switched into series 
connection with the low tension 
motor, after the speed has risen 
to "half speed," or 150 revolu- 
tions per minute — above which 
speed the series connection 
ceases — the periodicity of the 
currents in the rotor of the high 
tension and in the stator of the 
low tension is about 7% per sec- 
ond. The speed of the locomo- 
tive motors is 125 revolutions 
per minute. The Valtellina lo- 
comotive motors are not geared 
in series; they are all high ten- 
sion. 

The line will be used for the 
transportation of both passengers and freight. Pas- 
sengers are carried by the cars at a speed of 60 kilo- 
meters (37% miles) per hour. The electric locomo- 
tives are used for hauling freight trains. Each train 
has a net weight of 250 to 300 tons. The speed attained 
is about 30 kilometers (18% miles) per hour. 

The commercial merits of the system are many. 
The initial outlay was not inordinate. The cost 
Of maintenance is said to be comparatively small. For 



railways of considerable length and heavy traffic, less 
maximum power is required in the central station 
with the Ganz high tension distribution than with the 
necessarily low tension of continuous current distribu- 
tion, the ratio of maximum to average load at the 
central station being less. 

The electrical merits of the system are no less note- 
worthy, especially when the length of transmission 
from one central station is considered. By reason of 




A PASSENGER CAR OF THE VALTELLINA ROAD. 

the high voltage no large currents are used. The loss 
involved in converting to continuous current by rotary 
converters is eliminated. The use of pure induction 
motors without commutators, and the coupling of these 
in series pairs, results in a high motor efficiency. 



The French Patent Office has granted a patent for 
the "penetration" process of glass coloring. Applica- 
tions for patents have also been made in other coun- 
tries of Europe, so we are informed. The process is de- 
scribed thus: Silver salt is put on the surface of the 
glass, which is then heated to 500 deg. or 550 deg. Cent. 
The excess of salt having been removed, the surface 
appears yellow, the color penetrating to a depth of 
0.17 mm. when the baking has lasted for about five 




THE HON. SALEM H. WALES. 

It is with sincere sorrow that we record the death 
on the 2d instant in this city of our old associate and 
partner, the Hon. Salem H. Wales. 

Mr. Wales was born in Wales, Mass., on October 4, 
1825. At the age of twenty-one he came to New York 
and entered a mercantile house in this city. In De- 
cember, 1848, he became a member of the firm of Munn 
& Co., and became associated with Mr. O. D. Munn and 
Mr. Alfred E. Beach as one 
of the managing editors of 
the Scientific American. 
He continued to be identi- 
fied with the publication 
until 1871, when he retired 
from business. 

In 1855 he was appointed 
Commissioner to represent 
New York at the Paris Ex- 
position of that year, and 
also served on the Executive 
Committee of the Christian 
Commission during the civil 
war. After his retirement 
from business he became 
interested in several public 
institutions and served New 
York city in a number of 
positions. 

In 1873 he was appointed 
president of the Board of 
Park Commissioners, and 
again in 1880 and 1888 was 
a member of the same 
board. In 1874 he received 
the regular Republican 
nomination for Mayor of 
New York. He was not 
elected, but in the same year 
he was chosen president of 
the Board of Commission- 
ers of Docks and in 1895 he 
was appointed one of the Commissioners of the new 
East River Bridge, which position he held for several 
years. 

He was a director in the Hanover Fire Insurance 
Company, in the National Bank of North America, in 
the Southampton (L. I.) Bank and the Southampton 
Water Works. He was a charter member of the Union 
League Club, organized in 1863, and had always been 
one of its most prominent and active members. Mr. 
Wales was also a member of the Century, Press and 
Church Clubs, the Meadow Club, the Golf Club of 
Southampton, the New England Society and the Metro- 
politan Museum of Art, and a member of the Executive 
Committee of the latter. He was prominent in pro- 
moting the success of the New York Homeopathic 
Medical College, and of the 
Hahnemann Hospital, and was 
president of both institutions for 
a number of years. 

Mr. Wales was a man of ster- 
ling integrity, possessed a most 
amiable character, and was wide- 
ly known and esteemed. His loss 
will be mourned by a large cir- 
cle of friends and acquaintances. 
He leaves two children, Mrs. 
Elihu Root, wife of the Secre- 
tary of Yvar, and Edward H. 
Wales. Mr. and Mrs. Wales cele- 
brated the fiftieth anniversary 
of their marriage on February 
12, 1901. 

i » 1 



FREIGHT LOCOMOTIVE OF THE VALTELLINA LINE. 

minutes. After an hour, a layer of double that thick- 
ness would be colored; after eighteen hours the color 
would have penetrated through a glass plate 1.6 mm. 
in thicknesp. In reflected light this yellow displays a 
beautiful greenish or bluish fluorescence. Silver and 
copper give a red. Gold and iron salts have also been 
used. When the baking is continued for a long period, 
the coloring matter is renewed from time to time, say 
every six hours. 



The Scientific American Build- 
ing Monthly. 

There is probably no better il- 
lustrated or printed architectural 
periodical than the Scientific 
Americas Building Monthly. In 
its pages the architect will find 
photographs and plans of houses, 
of all styles and costs. To the 
man who is not an architect, but 
desires simply to build, it is a 
treasure-house of suggestions. By 
glancing through each number 
he is sure to find a picture of the 
very house which meets his ideas. 
A page of bright comment dis- 
cusses current architectural 
topics. The "Talks with Archi- 
tects" are not the least valuable feature of the paper; 
for often enough the architect interviewed gives infor- 
mation by which even the experienced designer of 
houses may profit. Each month there appear notes 
under the captions "The Garden," "The Country 
House," "The Household," "Legal Decisions" and 
"New Books," in which new information is presented 
in an attractive manner. Especial attention is given to 
formal gardening as an adjunct to the modern mansion. 
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"CELLULITE." 

A NEW MATERIAL 

(PATENTED.) 

FOR TRUNKS, SUIT AND 

EXTENSION CASES, Etc. 

LIGHT, STRONG, 

HANDSOME. 

INVESTIGATION INVITED. 

WB GUARANTEE OUR 

GOODS. 
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THE CELLULITE TRUNK 

Is the Lightest. Strongest and Most 
Durable Trunk Made. 

Dry Goods, Notion, Clothing, Hat, Shoe and Jewelry Sample 
Trunks, at prices ranging from $15 to $50. Commercial travelers save 
the entire cost of the trunk in a single season by reduced excess bag- 
gage charges. 

The largest concerns in America are using the Cellulite Trunks. 

The Cellulite Steamer Trunk for foreign travel is unsurpassed 
and its lightness saves its price in a single tour (515 to $,10). 

The Cellulite Dress Trunk costs no more than other trunks that do 
not approach its high standard of excellence ($20 to $40). 

The Cellulite Suit Case is forty to fifty per cent lighter, is hand- 
some, retains its shape, is stronger, and is sold at a reasonable price 
(S3 to $15). 

The Arlington Hand Bag is the only radically new traveling bag 
placed on the market in the last 30 years ; it is strong, durable and 
light ; has only to be seen to be appreciated ; made in many styles and 
sizes, at prices to suit any purse ; our 15-inch leather bag at |6.oo is bet- 
ter in every way than those usually sold at $7.50. 

Send for free sample of Cellulite, price list and full information. 

if yodr dealer will CELLULITE TRUNK & BAG CORP'N., 

NOT SUPPLY YOU, WB NORWICH CONN 

WILL DELIVER OUR BUKWlLll, L VWI1. 

A.™™* 8 tmS »™ T °J* °» Ce a ° d Salesroom, 

u. s. 377 Broadway. 



ARE WORTH MORE THAN THEY COST. 




MORE- 
POWER, 
GOOD 

FEATURES, 
STYLE and 
LUXURY 

THAN ANY 

O'HER 
AMERICAN 

MADE CAR. 




INSPECT THE 1903 
MODELS BEFORE 
PLACINC YOUR 
ORDER. 



WRITE FOR CATALOG. 

The F. B. STEARNS CO., Cleveland, Ohio. 



He Safety Car fleating & Lighting Co. 

General Office, 160 Broadway, New York 

( 1017 Monadnock Building, Chicago 
Branch Offices : •: 

' 1015 Union Trust Building, St. Louis 

Pintsch System Car and Buoy Lighting 

^^HTS Company controls in the United States and Canada 
\m the celebrated Pintsch System of Car and Buoy Light- 
ing. It is economical, safe, efficient, and approved by 
railway managers and the Light House Board of the United 
States, and has received the highest awards for excellence at 
the World's Expositions at Moscow, Vienna, St. Petersburg, 
London, Berlin, Paris, Chicago, Atlanta and Buffalo. 1 16,000 
cars, 5,000 locomotives and 1,400 buoys are equipped with this 
light. 170 railroads in the United States, Canada and Mexico 
have adopted this system of lighting. Applied on over 20,000 
cars. 

Car Heating 

By Steam Jacket System of hot water circulation, regulat- 
ing direct steam system, return and single train pipe systems. 

130 railroads in the United States are using these Systems 
of heating. Applied on over 10,100 cars. 

AUTOMATIC STEAM TRAPS 
STRAIGHT PORT COUPLERS 



YOU CANNOT ARBITRATE WITH FIRE 

fTT must be fought from the minute ft 
shows itself. The best protection for fac- 
tories, country houses and small towns is a 

CALDWELL TANK ON A 
ALDWELL TOWER . . . 

frlE reduction in your insurance will pay 
for the outfit. The tank will be tight and 
durable— The tower " solid as a rock," and 
of sightly appearance. 

c ff ET us refer you to some in your section 
We have them everywhere. We make a 
specialty of Cypress Tanks for all purposes. 

Send for catalogue, price list and plans. 

m. €. Caldwell Company, 

LOUISVILLE. KY. 



No. 2 I.— Steel Works. 



No. 40.— Industrial. 
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No. 98. Air. No. 26. -Contractors. No. 48.— Plantation. 

LIGHT LOCOMOTIVES 

STEAM AND COMPRESSED AIR. 

3 to 50 Tons. All Gauges of Track. Export a Specialty. 

Compressed Air and Steam Catalogue free on application of intending purchaser, to 
others on receipt of 50 cents. Address 

H. K. PORTER COMPANY, Wood near 6th Sts., Pittsburgh, Pa., U. S. A. 

Cable Address: Porter, Pittsburgh, ABC, Lieber and Western Union Codes. 



Strange Mental Powers! 

HOW PEOPLE ARE INFLUENCED 

Startling Words from the Committee Appointed to Investigate Hypno- 
tism for the Benefit of the Public 




Hypnotism is no longer a myth, a fanciful creation of the mind, but a reality, a most 
potent power, capable of producing infinite good. For the purpose of ascertaining the 
exact value of this much-talked-of power, a committee was appointed to investigate 
Hypnotism. 

The committee carried on a series of investigations in. regard to the power of hypno- 
tism to influence the actions and deeds of people in the everyday walks of life. 

It was clearly demonstrated that hypnotism may l.e employed so that the person 
operated upon is entirely unconscious of the fact that he is being influenced ; and, all 
things considered, the committee regard it as the most valuable discovery of modern 
times. A knowledge of it is essential to one's success in life and well-being in society. 

Dr. Lincoln says, after a thorough investigation, that he considers it the most mar- 
vellous therapeutic agent of modern times. 

Judge Schaf er, a legal light, was also convinced of the efficacy of hypnotism. 

Mr. Stoufer performed the astonishing feat of hypnotizing Mr. Cunningham, of Pue- 
blo, Col., at a distance of several blocks. Mr. Stoufer says it is indispensable to one's 
business success. 

Rev. Paul Weller says that every minister and every mother should understand hyp- 
notism for the benefit they can be to those with whom they are brought in daily contact. 

The New York Institute of Science has just issued 10,000 copies of a book which fully 
explains all the secrets of this marvellous power, and gives explicit directions for be- 
coming a practical hypnotist, so that you can employ the force without the knowledge 
of anyone. Anybody can learn. Success is guaranteed. 

The book also contains a full report of the members of the committee. It will be sent 
absolutely free to anyone who is interested. A postal-card will bring it. Write to-day. 



Address 



NEW YORK INSTITUTE OF SCIENCE 

(Dept. PT 7), ROCHESTER, N. V, 
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Electric Traction on Long; Distance Railways. 

BY ALTON Ti. ADAMS. 

After a long series of experiments, electric railways 
reached the present standard type at Richmond, Va., 
in 1888, a type that includes essentially a stationary, 
continuous-current dynamo connected to car motors 
by a single circuit made up of the trolley wire on one 
side and the rails on the other. On the Richmond 
railway the dynamo voltage was approximately 500, 
while the motor voltage ranged downward from this 
figure according to line loss. This pressure remains 
standard at the present day and is varied from only to 
the extent of using dynamos up to about 600 volts 
where long lines involving a large loss of pressure are 
to be supplied. 

The great development of electric railways since 1888 
has consisted almost entirely of the application of prin- 
ciples and methods then in use or well understood. 
Dynamos of much greater capacity have been applied 
to street railway work, longer lines have been built, 
and larger cars driven by more powerful motors have 
been put into operation. In spite of all this extension, 
almost every electric railway in the United Ltates in- 
cludes substantially the continuous current dynamo 
and motor and the single circuit uniting them, working 
at a pressure of approximately 500 to 600 volts or less. 

If the purpose of electric railways had remained 
merely what it was in 1888, to furnish transportation 
in city streets, there would be little reason to depart 
from present standard practice. Instead, however, of 
a series of tracks in city streets, none of which are more 
than five miles from the generating station, a single 
electric railway system now often extends between 
cities and towns that are 25 to 50 or more miles apart. 
An electric railway of such length cannot be economic- 
ally operated from a single generating station when the 
pressure of transmission or distribution is not above 
600 volts. High pressures running into thousands of 
volts for a distance of 25 miles, and into tens of 
thousands of volts for a distance of 50 miles are abso- 
lutely necessary for efficient transmission of energy, 
if the cost of conductors is to be held at permissible 
figures. 

Besides the demands of- extending street railways for 
higher voltages, there is a similar demand from quite 
a different source. Steam railways have suffered a 
great diminution in their suburban business through 
the competition of electric lines. Many of these steam 
roads are ready to adopt electric traction on parts 
of their systems if it can be shown that the resulting 
advantages would warrant the expense. 

A number of expedients have been adopted to pro- 
vide for electrical distribution on long railway lines. 
One of the first solutions of the problem was to build 
additional generating stations at intervals along an 
extended railway line, and supply a section of the 
line from each station. This plan of several generat- 
ing stations spaced along an electric railway line has 
been carried out in a number of instances, each station 
delivering continuous current at 500 to 600 volts. 
The great objection to this arrangement lies in the 
fact that such stations must each have a capacity much 
below that required for the highest economy of opera- 
tion, because the low voltage permits each station to 
supply the motors on only a few miles of railway. The 
voltage at continuous current dynamos, between the 
trolley wire and track and at the car motors might be 
increased somewhat, say to 1,000, but there are legal 
objections to the use of this voltage in city streets, 
and the difficulty of insulation at car motors would 
thereby be much increased. Moreover, a pressure of 
1,000 or any other number of volts that could be made 
reasonably safe in the streets and practicable at the 
motors would be far below the requirements for effi- 
cient transmission to long railway lines. Another plan 
for transmission and distribution to long-distance elec- 
tric railways involves the development of alternating 
current at any desired voltage, its transmission to sub- 
stations each of which contains transformers and rotary 
converters, and the supply of continuous current at 
about 500 volts from these converters. This plan has 
already been put into operation on a number of long- 
distance electric railways. It should be noted that 
this adoption of alternating generators and transmis- 
sion does not avoid the use of continuous current dy- 
namos, distribution lines and motors operating at the 
old pressure of about 500 volts. The rotary converters 
are simply a special type of continuous current dynamo 
in which alternating current may be used for driving, 
instead of mechanical power. In some cases alternat- 
ing motors and ordinary continuous current dynamos 
are used at sub-stations to furnish current at 500 volts 
for electric railways. The rotary converter simply 
combines the motor and dynamo in one machine. 

Obviously the converters at sub-stations must have 
capacities at least equal to those of the continuous cur- 
rent generating stations which they displace. It follows 
that the system just considered adds to the capacity 
necessary for continuous current dynamos in any event 
the entire electrical equipment of the alternating sta- 



tion, the transmission lines and the transformers at 
the sub-stations. On many long-distance electric rail- 
ways this large increase in capacity of operating ma- 
chinery is warranted by the high economy of a very 
large generating station and by the advantage of any 
desired voltage on the transmission lines. The dis- 
tance from the generating station at which cars may 
be operated by this system of combined alternating and 
continuous current equipments seems to correspond to 
the limits of electrical transmission at any practicable 
voltage. At the present time such electric railways are 
operated that extend more than fifty miles from their 
generating stations. Though American practice has 
clung to continuous current motors for electric trac- 
tion, induction motors have been adopted on a number 
of railways in Europe. Where the generating station 
is so far from parts of the railway line that the permis- 
sible voltage at motors is not great enough to allow 
economical transmission, rotary converters may be 
avoided by the use of induction motors. Furthermore, 
when converters are not used, the expense for the opera- 
tion of sub-stations disappears, because mere transform- 
er stations do not require the services of attendants. 
On European railways where the induction motor is 
used, the generating station is operated at any voltage 
desired for the transmission and the alternating cur- 
rent is delivered at a number of transformers spaced at 
suitable intervals along the tracks or carried by the 
cars. These transformers lower the voltage to as little 
as 400 in some cases and as much as 3,000 in others 
for distribution over trolley wires and tracks to the 
car motors. Ordinary single phase alternating motors 
lack sufficient starting power for railway purposes, for 
which reason three-phase motors are employed on these 
European roads. With three-phase motors the single 
trolley wire must be abandoned and two trolley wires 
with the rails, or three wires without the rails as a con- 
ductor must be employed. This use of two or three 
trolley contacts is a disadvantage in operation com- 
pared with a single trolley, but it may be worth while 
in some cases to add one or two trolley wires and do 
away with rotary converters. A generating station at 
high voltage, transformer sub-stations, and distribution 
from these sub-stations at 400 to 3,000 volts to three- 
phase car motors make it possible to operate a railway 
at any distance from the power station that can be 
economically covered by high voltage transmission. As 
to the length of railway that may be operated from a 
single generating station, it thus appears that the sys- 
tem with transformer and converter sub-stations using 
continuous current motors is on a par with the system 
having only transformers at sub-stations and using 
three-phase motors. The Bergdorf-Thun Railway in 
Switzerland is 25 miles long, its most distant end is 
31 miles from the generating plant which operates at 
16,000 volts, 14 transformer sub-stations reduce the 
voltage to 750, and the three-phase current at this pres- 
sure is distributed to the car motors. 

Whether continuous current or induction motors 
are employed, a voltage as low as 500 or even 750 for 
distribution from sub-stations to car motors implies a 
large expenditure for conductors on long railways. 
Though it is not thought advisable to exceed the volt- 
ages just named at continuous current motors, the 
same limitation does not apply to induction motors. 
Hence there is a movement in Europe toward higher 
voltages at car motors. An illustration of this fact 
is seen in the Valtellina Railway in northern Italy. 
This line has 65 miles of track, the voltage at the 
generating station is 20,000. Twelve transformer sub- 
stations along the line reduce this pressure to 3,000 
volts, three phase, and current at this voltage goes di- 
rectly to induction motors on the cars. 

A further effort to utilize high voltage for distribu- 
tion right up to electric cars has been made on the 
European railway from Marienfelde to Zossen, fifteen 
miles long. On this railway the voltage of transmis- 
sion and distribution is 10,000, and three-phase cur- 
rent at this pressure is received at transformers carried 
on the cars and there reduced to a low voltage for the 
induction motors. But in the new locomotive built for 
this road, the transformers have been discarded. On 
another page will be found a full description of this 
locomotive. 

Though little has been done with induction motors 
for electric traction in the United States, especial at- 
tention has recently been turned here to the use of 
single-phase alternating current for railway work. The 
Oerlikon Works in Switzerland are building a 44-ton 
locomotive to be operated by single-phase current on a 
system devised by an American engineer. This loco- 
motive, which is to develop 700 horse power, is fitted 
with continuous current motors for driving, and also 
with a single-phase alternating motor connected to a 
continuous current dynamo. This locomotive is going 
into service on a railway in Europe where single phase 
current will be distributed along the single trolley line 
and rails at 15..000 volts. After entering the locomo- 
tive at this pressure the alternating current will drive 
the single phase motor, and this motor the dynamo 



Continuous current from this dynamo will then pass 
to the motors that do the work of traction. In this 
system any desired voltage may be employed for the 
distribution without regard to the continuous cm rent 
motors. 

On a railway now under construction in Michigan 
single-phase current is to be distributed to the cars at 
15,000 volts and there reduced by transformers to 
200 volts for the single-phase motors. On each car the 
motor operates constantly, doing traction work when 
the car is in motion and compressing air when the oar 
is standing still. The compressed air is used to start 
the car and also to aid in its operation on heavy work 
or grades. Like the previously named single-phase 
system, this one using compressed air permits any de- 
sired voltage to be employed between the single trolley 
wire and track. 

A third and apparently very important plan for the 
operation of railways with single-phase current is soon 
to go into operation on a road extending from Wash- 
ington to Baltimore, a distance of 31 miles, with a 
branch 15 miles long to Annapolis. Single-phase alter- 
nating generators working at 15,000 volts will fur- 
nish the energy to operate this railway, and current 
from these generators will be reduced in pressure to 
1,000 volts at nine transformer substations along the 
line. At each car a regulator and transformer will re- 
ceive the single-phase current at 1,000 volts and de- 
liver pressures ranging from 200 to 400 volts at the 
motors. This range of voltage will give all necessary 
motor speeds from starting to 40 miles per hour for the 
cars. The motor to be used for this work is the most 
notable feature of the system. This motor is substan- 
tially a continuous current series-wound machine with 
its magnetic circuit laminated throughout. It has 
long been known that a continuous-current series mo- 
tor if supplied with alternating current of single- 
phase will start and operate as though supplied with 
continuous current, except that very destructive spark- 
ing usually occurs at the commutator in motors of 
large capacity. It is claimed that this trouble has been 
overcome by a new method of construction, and one of 
the large electrical manufacturers has contracted to 
furnish the motors mentioned for the Washington and 
Baltimore line. Each motor is rated at 100 horse 
power and there are to be four motors on each car. 

It thus appears that while Europe is trying to solve 
the problems of electric traction on long railways with 
induction motors and three-phase current, America is 
going about the work either with a combination of 
three-phase and continuous currents, or with single- 
phase current alone. As to the important feature of 
high voltage for transmission the three-phase and 
single-phase systems are equal. In the delivery of en- 
ergy at very high voltages to cars the single-phase 
current has a great advantage because of the single 
trolley wire required. On the other hand the develop- 
ment of power with the single-phase current is not yet 
certainly solved for traction work. 



To Our Subscribers. 

The Scientific American is fast nearing the comple- 
tion of its fifty-seventh year. During that time it has 
faithfully .'■Iironicled the scientific progress of the 
times and has described new and important discoveries 
and inventions. From the first number to the last 
which has so far appeared, the Scientific American 
may be regarded as a weekly history of the world's 
progress in science, industry and invention. 

With the close of the year many of the subscriptions 
will expire. In order that the paper may be received 
uninterruptedly, subscriptions should be renewed 
promptly. An expired subscription will not be contin- 
ued. To those familiar only with the Scientific 
American, it may be well to speak of the purpose of the 
Scientific American Supplement. The Supplement 
presents papers and articles too long for insertion in 
the columns of the Scientific American, and contains 
translations of scientific articles in foreign tongues, 
which would otherwise be inaccessible to those who 
read only English. By subscribing both to the Scien- 
tific American and the Scientific American Supple- 
ment, it is possible to obtain a most complete survey of 
scientific work on both sides of the Atlantic. By tak- 
ing both papers the subscriber obtains the benefit of 
reduced rates. 

m i » » ■« 

Tbe Current Supplement. 
The current Supplement, No. 1406, contains a 
wealth of varied information. The opening article 
deals with the new augmented water supply and reser- 
voirs of London, and is very fully illustrated. The 
Pacific cable is made the subject of an article accom- 
panied by sectional views of the cable at various points. 
The Berlin-Zossen Road, now famous in electrical his 
tory for the high-speed tests carried out upon it by 
the two great German electrical companies, has for its 
counterpart in this country the Aurora, Elgin and 
Chicago Railway. In the current Supplement an arti- 
cle is published which fully describes this American 
road. Francis J. FitzGerald continues his discussion 
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of the conversion of amorphous carbon into graphite. 
A brief resume of Prof. J. J. Thomson's lecture before 
the British Association on Becquerel rays and radio- 
activity will doubtless be welcomed. How the oxides 
of nitrogen could be reduced directly by the contact 
process is likewise told. We have, from time to time, 
published accounts of the efforts of Americans to 
exterminate mosquitoes. In Europe no less activity 
has been shown. It may, however, not be without in- 
terest to our readers to learn from Dr. Louis W. Sam- 
bon, of Naples, something of the life history of 
Anopheles macHhpennls (Meigen), and the methods 
eirployed in Europe for its extermination. Prof. Edwin 
G. Dexter describes interestingly quaint superstitions 
and proverbs relating to weather influences. 



the discharge of train pipe air when the train is 
to be stopped, or its speed reduced. The engineer 
has perfect control of a'l brakes in the train by mov- 
ing a small handle. The positions of this handle are: 
"running," "lap," "service applications," "emergency," 



MB BBAKES 

The compressed air brake bears a very important re- 
lation to the subject of railway transportation; for 
it has a direct effect upon the economical operation 
and speed of trains, as well as upon their efficiency 
as carriers of merchandise, live stock and passen- 
gers. Without the general adoption of the air brake 
in the past few years the long, heavy, fast freight 
trains and speedy passenger trains, so comfortable, 
luxurious, and safe, would not now be running. For 
the most important consideration is the safe transport 
of passengers and merchandise, and this requires a 
brake of great power and always reliable, to control 
the speed of the train or stop it in a short distance 
with comfort and safety. 

Few people realize the enormous energy stored up 
in these trains, giant catapults as they are, moving 
through space with tremendous force and speed. A 
very reasonable example is a train of freight cars 
loaded with grain, the total weight of which is about 
three million pounds. The energy stored up in such a 
train, when running twenty-five miles per hour, is 
greater than that which can be imparted to a pro- 
jectile by the largest of modern guns. It takes a 
very efficient brake to check this enormous inertia in 
a short distance, smoothly and safely. 

With the air brake, these trains are perfectly con- 
trolled. The air brake has kept pace with the great 
increase in weight, length, and speed of both freight 
and passenger trains. Much that is interesting could 
be said about the magnitude of the air brake business, 
and the details of construction, manufacture, and use 
under the different circumstances of operation. The 
employes of railways who have to do with the air 
brake apparatus are carefully instructed how to han- 
dle and care for it, through the publication of instruc- 
tive literature. There are scattered all over the coun- 
try, instruction rooms maintained by the railways, 
where illustrative samples of air brake apparatus are 
available to tho men, and in which traveling air brake 
inspectors fiequently give lectures. There are also 
instruction cars traveling from place to place in which 
sample brakes are set up, explained, and operated. 

While the subject is technical and of considerable 
detail, the principles of the air brake can be described 
in few woids. Briefly, the air brake comprises a 
pump for compressing air, a reservoir on each car for 
storing the air, a brake cylinder on each car in which 
the air is allowed to exert its force when it is desired 
to have the brakes act upon the wheels, and a triple 
valve on the car, connected with both reservoir and 
cylinder and controlling the flow of air in and out of 
each. 

The triple valve piston is normally subjected to air 
pressure of equal intensity on both sides. A reduc- 
tion of pressure in the train-pipe side moves the 
piston one way, and restoring the pressure In the 
train pipe pushes it back again. The former opens 
connection between reservoir and brake cylinder; the 
latter discharges brake cylinder air and allows the 
reservoir pressure to be replenished. An engineer's 
valve in the cab of the locomotive enables the engi- 
neer to cause the rise and fall of train pipe pressure 
referred to. The rest of the apparatus is the piping, 
cocks, and connections. 

We give a more detailed description of some parts 
of the brake, selecting those that are representative 
of the most modern construction and in general use. 

The air pump, mounted upon the engine, just for- 
ward of the cab, is operated by steam from the loco- 
motive boiler, and compresses the air required for 
the air brake system throughout the train. The air 
compressed by the pump is delivered into the main 
reservoir, which is a large tank mounted somewhere 
about the engine and storing sufficient air to relieve 
the pump from excessive work, when more air is sud- 
denly required in the brake system. Otherwise the 
pump would be subject to violent fluctuations; at rest 
one moment, and in violent operation the next. 

The engineer's valve, or "brake valve." mounted 
inside the cab of the locomotive, permits the engineer 
to control the movements of the train by applying and 
releasing the brakes as the operation of the train 
may require. This valve controls the flow of 
air from the main reservoir into the brake ap- 
paratus" upon the other vehicles, and also controls 




Fig. 1.— THE DUPLEX PUMP. 

and "release." "Running" is the normal position of 
the handle while the train is speeding along and the 
brake system is charged with air at the proper pres- 
sure. In this position, air from the main reservoir, 
generally about twenty pounds higher in pressure than 
the rest of the brake system requires, is slowly fed 
through the engineer's valve into the rest of the sys- 




Rg. 2.— THE ENGINEER'S VALVE. 

tern, thus taking care of leaks and keeping the air 
pressure up to standard. 

The other positions for the hand'e are explained by 
the names given them. .The several positions for ser- 
vice applications, set the brakes with different de- 
grees of force. With the handle in emergency position, 
brakes are instantly set with their greatest power. In 




Pig 3 -THE TRIPLE VALVE. 

release position, air that has been used to set brakes, 
is replenished from the main reservoir and pump, re- 
storing all parts of brake system to normal condition. 
A modern type of engineer's valve is illustrated on this 
page. 

The engine equipment includes a gage for showing 
the air pressure in both train piping and main re- 



servoir, the pressure in the latter being kept higher 
than in the rest of the brake system; and a simple 
governor which controls the working of the air pump, 
automatically stopping the pump when standard air 
pressure has been accumulated in the brake system, 
and automatically starling the pump when the air 
falls below the desired standard. 

The principal parts of the brake apparatus, mounted 
upon each car, are an auxiliary reservoir, for storing 
upon each vehicle sufficient air to operate the brakes 
thereon; a brake cylinder, ordinarily open to the at- 
mosphere (through a port in the triple valve), and a 
quick-action triple valve. 

When air brakes are applied, the triple valve allows 
air from the auxiliary reservoir to flow into the brake 
cylinder in sufficient quantity to give the brake-force 
intended by the engineer. The piston-rod of the brake- 
cylinder is connected to the levers and shoes by which 
the power delivered by the brake cylinder is evenly 
distributed to the wheels of the vehicle. When the 
brakes are released and the triple valve opens the port 
that lets the air escape from brake cylinder to atmos- 
phere, a spring, surrounding the piston rod of the 
brake-cylinder, pushes th9 cylinder piston back to 
normal position, the forward movement of the piston 
having compressed this spring. 

Fig. 1 is an external view of the duplex air pump, 
which is a construction peculiar to the New York Air 
Brake. The pump is constructed in a very simple 
manner and delivers sixty-seven per cent mor^ air 
than other air brake pumps do with equal consumption 
of steam. The lower half of this pump is comprised 
by the steam cylinders, the uppe. - half by the air 
cylinders, quite the reverse of former air pui^r in- 
struction. Thus the drain?.™: :" '.'■:$ jtearr: . 7 laders 
is collected at the lowes' ;•..;:**.. .,'.'i,3 casi.a; observer 
of this pump might sur. ,unt *bat it was merely a pair 
of ordinary pumps collected together, side by side, 
and that the total volume of air would simply be twice 
as much as would be delivered by oi»e of the pumps 
alone. Closer inspection shows that this is not the 
case and that tr .uir.p compresses three volumes of 
air with two siiiilar volumes of steam. One of the 
air cylinders has twice the volume capacity of any one 
of the other three cylinders. Its contents are com- 
pressed into half their original volume and delivered 
Into the smaller air-cylinder. The smaller cylinder, 
which has the same volumetric capacity as the steam 
cylinder below it, will then contain three volumes of 
air, viz., the free air originally confined within it, 
plus the two volumes just received from the larger 
cylinder. The final compression of these three vol- 
umes of air is caused by the steam cylinder on that 
side of the pump, the air being delivered into the 
"main reservoir." 

All working parts of this pump can be examined and 
replaced without taking the pump off the engine. 

Fig. 2 is a photograph of the New York Air Brake 
Company's engineer's valve cut in half longitudinally. 
The novel feature of this valve is, that it discharges a 
definite quantity of train pipe air in each of the sev- 
eral positions for applying brakes, and is therefore 
called a "positive discharge" valve. An engineer hav- 
ing this valve on his engine, can apply brakes through- 
out the train with exactly the force that he knows, 
from experience, should be applied to the wheels to 
give the retarding power wanted at just that moment, 
and is not obliged to watch the pressure gage, in the 
cab of the locomotive, but can keep his eyes upon the 
rails, signals, or crossings ahead of him. 

Fig. 3 is a sectional view of the quick action triple 
valve. One is used upon each freight or passenger car. 
It is by the perfect working of this ingenious, yet 
very simple valve, that the brakes are all applied at the 
same moment on the long freight trains, of fifty to 
one hundred cars, now in use. The quick-action triple 
valve is really two valves combined in a single casing, 
one portion operating to make the brakes apply in- 
stantaneously and with maximum force throughout the 
train, as required in emergencies, and the other por- 
tion moving to produce a more gentle action and of 
varied force, as required by slow-downs, station stops, 
and other conditions of ordinary service operations. In 
service action the emergency parts remain inert. They 
are always at rest, except when emergency requires 
stopping a train at once and in the shortest distance 
possible. 

The action of the brakes is transmitted from the 
engine to the first car, and from car to car, by an 
impulse that travels like a sound wave. When the 
engineer moves his brake handle so as to cause the 
brakes to apply for emergency, this wave, or impulse, 
travels through the air brake piping, from car to car, 
with great rapidity. A train of fifty freight txrs of the 
standard box type is about a third of a mile long, yet 
brakes upon the last car apply within two seconds of 
those at the front end, and, therefore, instantaneously 
with all other brakes in the train. This is quite neces- 
sary, for if the emergency action was slow in reaching 
the rear cars, the forward part would be stopping, with 
the rear cars running into them. One can imagine 
the shocks that would result. 
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Automobile News. 

Recognizing the importance of the new 
transportation and the fact that it will 
endure, the faculty of Columbia Univer- 
sity has added a course in automobile me- 
chanics to the curriculum. Instruction 
will be given by a competent gas engine 
expert, and the course will cover gasoline 
and steam carriages only, the electric ve- 
hicle being included in the regular elec- 
trical course. 

By the death in Paris recently of M. 
Elie Buchet, aerial transportation has lost 
one of the men who did much toward 
bringing it to its present stage of advance. 
Originally interested in the designing and 
manufacturing of light motors for auto- 
mobiles, M. Buchet had his attention 
drawn to the needs of aeronauts for gaso- 
line motors of this type. He finally suc- 
ceeded in building the lightest motors per 
horse power in the world, and nearly all 
the airships that have succeeded or come 
to grief within the last few years were 
equipped with Buchet motors. 

Col. John Jacob Astor has offered to 
give $10,000 toward the construction of 
the proposed road from New York to 
Chicago, if the Automobile Club of Amer- 
ica will change the route to the east in- 
stead of the west side of the Hudson 
River. Mr. Astor also intimates that 
other wealthy men owning estates on 
the east bank will probably follow 
suit if the route is changed, as the road 
would benefit them as well as the many 
other inhabitants on this side of the river, 
whereas the west bank is but sparsely 
settled, and a road there would not be 
of so much use. If the east bank is cho- 
sen, vehicles will be ferried across the 
Hudson from Rhinebeck to Kingston, at 
which point the road strikes westward to 
Binghamton, Blmira, Erie, Cleveland, To- 
ledo, Elkhart, and Chicago. 

English automobile enthusiasts have 
formed a Volunteer Corps to be used by 
the government in time of war for carry- 
ing dispatches and bringing into com- 
munication distant points not reached by 
the railroads. Of late, to get themselves 
in training, they have organized several 
balloon pursuits. In these novel chases, 
an aeronaut starts skyward in a balloon, 
carrying some dummy dispatches, while 
at the same time the automobiles start in 
pursuit of the huge gas bag on terra 
flrma. If a good breeze is blowing, the 
aeronaut gives the automobilists a lively 
chase; while if he is aided with clouds in 
or above which to hide himself, he keeps 
the modern "knight of the road" guessing 
as to his whereabouts. The one who 
reaches him first after his descent is de- 
clared the winner of the chase, which is 
said to be much more exciting than "hare 
and hounds" or a fox hunt. 

The annual hill-climbing test of the 
Automobile Club of New Jersey was held 
at Eagle Rock, Orange, on Thanksgiving 
day. The road that winds up this rock is 
of hard macadam, with grades of from 
3Vi to 16 2-3 per cent. On the day of the 
test it was slippery and muddy. Not- 
withstanding adverse conditions, Mr. O. 
P. Nestman, in a Stevens-Duryea 8 horse 
power gasoline car, succeeded in reaching 
the summit of the hill — a distance of a 
mile and one-eighth — in 2 minutes 45 sec- 
onds. This was 1 minute 8 45 seconds 
better time than that made by one of the 
Duryea Power Company's gasoline ma- 
chines last year, and but 3 seconds less 
than the record made then by Mr. W. J. 
Stewart in a locomobile. For the present 
test, Mr. Stewart installed a larger boil- 
er in his machine, but with unsatisfac- 
tory result, as he only succeeded in mak- 
ing the ascent in 2:58%. The third and 
fourth best times were made by Mr. New- 
ton in a locomobile and Mr. Wells in a 
Prescott steam carriage, in 3:36% and 
3 : 43% respectively. 

The year 1902 has been a record-break- 
ing one for automobiles. Following 
closely upon Fournier's reduction of the 
straightaway mile and kilometer times to 
47 2-5 seconds and 29 1-5 seconds respec- 
tively on November 6 (each of which fig- 
ures was robbed of its fraction several 
days later by the Frenchman's com- 
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patriot, M. Augieres) comes the smash- 
ing of Winton's new track record, made 
by the world renowned "Bullet," by 
Henry Ford, of Detroit. Mr. Winton, on 
the Glenville track at Cleveland, Septem- 
ber 16 last, made a new track record of 
a mile in 1 : 02J4, against his previous 
record of 1:06 2-5, made about a year ago. 
Mr. Henry Ford, of Detroit, on a gasoline 
racer built by himself and Tom Cooper 
of that city, has just succeeded in beating 
Mr. Winton's time by more than a second, 
having established a new record Decem- 
ber 1 on the Grosse Point track, Detroit, 
of a mile in 1:011-5. This brings the 
much-sought-for speed of 60 miles an 
hour, or one mile in exactly one minute 
on a track, within slightly over a second 
of being attained; so the probabilities are 
that before long the feat will actually be 
accomplished. 

A fact, that shows the remarkable de- 
velopment of the gasoline automobile is 
that during the past eight years the aver- 
age speed of such machines in the long- 
distance road races held in Europe has 
risen from 15 to 60 miles an hour. It is 
interesting to note the course taken by 
the different countries and municipalities 
abroad in regulating the speed of ma- 
chines capable of such space-annihilating 
capabilities. The general tendency seems 
to be to have government inspection and 
approval of the automobiles as to their 
brakes, steering gear, and various safety 
appliances, before these leave the manu- 
facturers' hands; then to grant the owner 
a certificate of capacity, when he has 
demonstrated his capability to properly 
operate and manage the machine, which 
can always be identified by its number 
plate. The speed limits range from 6 to 
12 miles an hour in cities and towns, to 
from 18 to 31 miles per hour in the open 
country. The punishment for violation 
of the speed laws is a fine and imprison- 
ment according to the magnitude of the 
offense and the amount of damage done. 
In Germany, special restrictions on the 
use of steam boilers practically prohibit 
steam carriages. The idea of govern- 
ment inspection, as above outlined, is a 
good one, for if manufacturers are com- 
pelled to place thoroughly safe and ef- 
ficient brakes and steering gear on their 
machines, there is much less likelihood 
of accident, even if speeding in the open 
country is occasionally indulged in. 

To prevent the freezing in cold weather 
of the water in the tank, piping, and 
water jacket of the engine on a gasoline 
automobile, besides glycerine and chloride 
of calcium, which has already been pro- 
posed, chloride of magnesium and chlor- 
ide of sodium can also be used. The fol- 
lowing figures, from La Locomotion, give 
the temperatures at which different mix- 
tures of the latter (sea salt or ordinary 
table salt) with water, freeze: 

Sea salt (NaCl), 25 parts + water, 75 
parts = temperature of congelation of 
—15 deg. C. (5 deg. F.). 

Sea salt (NaCl), 22 parts + water, 77 
parts = temperature of congelation of 
—12 deg. C. (8.6 deg. F.). 

Sea salt (NaCl), 10 parts + water, 90 
parts = temperature of congelation of 
—12 deg. C. (10.4 deg. F.). 

At the same time, the writer adds, 
chauffeurs should mistrust the use of 
saline solutions of any kind, because of 
their corrosive action on metals. It is 
possible, according to the chemist Keller, 
that the chloride of calcium solutions, 
for instance, may have no action on 
metals, such as iron, copper, steel, etc., 
when isolated; but it is true, neverthe- 
less, that when these metals are combined 
in the presence of this solution, as they 
are in the different parts of the water 
circulating system, a voltaic couple forms 
and one of the two metals corrodes 
rapidly in its presence. This may readily 
be seen if strips of iron and copper, 
fastened together, are dipped in a solu- 
tion of calcium chloride. The iron, which 
forms the negative electrode, will be at- 
tacked and disintegrated. It is therefore 
prudent to employ exclusively for this 
purpose neutral liquids, such as glycerine 
or even the heavy oils. 
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(8760) J. A. D. asks: What kind of 
a composition can I use to build a castle for 
fish aquarium, that I will not have to bake 
as the potter does V It should be white or 
light stone color. Aquarium cement is too 
dark, and it does not dry without litharge in 
it, and Portland cement does not hold for 
so small an object. I have used plaster Paris 
for a castle and soaked it in melted paraffin, 
but it softens in a short time under water. 
The composition must not contain lead or 
other poisonous substance. A. Following are 
two formulae for a non-poisonous aquarium 
cement : 1. Melt together over a gentle heat 
3 parts of linseed oil, 4 parts of tar. and 16 
parts of resin ; if not sufficiently firm, keep 
simmering for a short time. Use warm. 
This, of course, would be dark-colored. 2. 
Take 8 ounces of a solution of good glue and 
1 ounce of Venice turpentine and boil together, 
stirring until mixture is complete. The joints 
after cementing should be held together for 
several days to secure the best result. 

(8761) F. C. P. asks: 1. What is the 

specific gravity of acetylene gas? A. The 
specific gravity of acetylene gas, referred to 
hydrogen as unit, is 13 ; referred to air as 
unit, it is 0.92. 2. What is the specific grav- 
ity of illuminating gas? A. No definite speci- 
fic gravity can be given for illuminating gas 
on account of its variability ; whether coal 
gas or water gas, how largely carbonized, etc. 
In general, its specific gravity will be between 
0.5 and 0.6, referred to air as the unit. :\. 
If a cylinder of aluminium, 60 feet long, 10 
feet diameter, % inch thick, be exhausted 
of air, would it float in the surrounding air, 
or what would happen? A. As the weight 
of such a cylinder of aluminium is 3,4H3 
pounds, and the volume of air it displaces 
weighs only 380.7 pounds, it would not float 
in the air. In order that an object may 
float in liquids or gases, it must weigh less 
than the weight of the volume of fluid it dis- 
places. 4. How much is a cubic foot? A. 
A cubic foot is the equivalent of 0.23 Eng- 
lish imperial gallons, or 7.48 ordinary Win- 
chester gallons. 

(8762) H. P. A. asks: 1. What is the 
mean spherical candle power of a 1,209 candle 
power arc lamp (direct current), and what 
part is utilized in lighting the street or ra- 
diated below the horizontal ? A. Foster, Pock- 
et Book, gives an empirical formula for deter- 
mining mean spherical candle power approxi- 
mately, as half the horizontal candle power 
plus one-fourth the maximum candle power. 
Thus a lamp which gave 1 .240 candles as 
a maximum, gave 240 in a horizontal direc- 
tion. Its mean spherical candle power was 
385, the rule giving 370 or very nearly the 
same result. You will find several papers in 
the transactions of the American Institute of 
Electrical Engineers on this difficult subject. 
2. What is the wattage required for the above 
lamp? A. Such a lamp may take 300 or a 
little more watts. :i. How does an inclosed 
arc compare with an open arc for efficiency? 
A. The inclosed arc is preferred to the open 
arc principally because it costs less to oper- 
ate. It runs 100 to 120 hours on one trim- 
ming. A single lamp can be cut out of cir- 
cuit without disturbing others. If ordinary 
open arcs are used, two must be turned off 
together. The light of the inclosed arc is more 
evenly diffused than that of the open arc. 
They consume less current than the open arc. 
4. What is the wattage required for a 25 
candle power incandescent lamp used on a 
direct current series line? A. An incandescent 
lamp is usually made 2% to 3 % watts per 
candle. 5. In the July 26 Scientific Am- 
erican, I find that the cables of the new 
East River Rridge are made up of 37 strands 
arranged in a hexagonal cross-sectional form, 
five strands lying on each side of the hexagon. 
Now, my query Is. How are the 37 strands ar- 
ranged to form a hexagon with five strands on 
a side? A. As to the shaping of the cables of 
the new East River Bridge, we beg to refer 
you to the engineers. Address Engineers' of- 
fice. New East River Bridge, Brooklyn, New 
York. 

(8763) E. L. T. writes: I have sev- 
eral paper-bound books which I would like to 
(Continued on vovt AW) 
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cover with cloth, but cannot lind any paste 
which Is just the thing. Can you suggest 
something? It should attach cloth to paper 
securely, be somewhat flexible when done and 
dry quickly. A. Itonkblnders generally use or- 
dinary flour paste for covering board or paper 
with clolli. li is best made by stirring up the 
Hour with a small amount of cold water, 
and then running it into hot water to which 
a little alum has been added, stirring until 
smoothly swelled. If this be not found strong 
enough, make a little, starch paste in same 
manner and add some Venice turpentine. 

(8764) A. M. says: If you take 2 
drachms of sugar of lead, dissolve in % pint 
of water, then take li drachms of hyposulphite 
of soda, dissolve in '/.■ pint of water, then 
mix the two solutions, you will get a preci- 
pitate. Now what 1 want to know is, What 
is tlie precipitate and what is the solution 1 
want to use'; Does it contain lead enough to 
be injurious to the human system'; A. Sugar 
of lead ( lead acetate) and hyposulphite of 
soda (thiosulphate of soda) react . with the 
formation of lead thiosulphate and sodium ace- 
tate. If the. sugar of lead and hypo be taken 
in molecular, , ratios, that is. 370 parts of 
crystallized lead acetate to 'J48. parts of cry- 
stallized hypo, there will be an > almost com- 
plete precipitation of lead thiosu lphate : this 
precipitate is at first white, but it turns black 
by standing or by warming, owing to its con- 
version into lead sulphide. Ity using a larger 
amount of hypo, the precipitate of lead thio- 
sulphate at Hist formed will redissolve as a 
double sodium lead thiosulphate. These re- 
actions should all be conducted with the 
cold solutions: heating will always cause 
blackening. The amount of lead that will 
remain in solution will depend upon the greater 
or less excess of hypo used. It is always a 
risky thing to introduce lead into the human 
system ; its effect is cumulative. 

(8765) H. F. I', asks: I have a 50- 
kilowatt general electric alternator which I 
use for Incandescent lighting with primary 
circuit at 1,1. ">0 volts and secondary at 104 
volts. I wish now to put in a few arc lamps : 
if I put constant potential lamps in parallel 
on the secondary circuits, will it make tlie 
Incandescent lamps flicker'.' A. The ordinary 
series arc lamp cannot be used on constant 
potential mains. An arc lamp provided with 
a suitable resistance can be. Such lamps are 
furnished by lamp manufacturers, both open 
and inclosed an-, and are in use in very great 
numbers in many places. We do not think 
the incandescent lamps will flicker so long as 
they are bridged across the secondary circuit. 

(8766) W. M. B. asks: Which is the 
more healthful underwear — pure wool of linen 
mesh? A. This is a matter that cannot be 
settled by anyone's dictum. The advocates of 
wool claim tills to be superior, while the advo- 
cates of linen are equally insistent they are 
correct. In favor of wool may be said that 
it is the more natural body covering, as it 
is chemically allied to hair, In fact, the hairy 
covering of all animals is much alike. Also, 
wool gives undergarments of greater warmth ; 
linen does not retain the body heat as well, 
and in this climate It Is very probable that 
linen mesh would be pronounced too cool to 
wear by very many people. In favor of linen 
we have the fact that the linen fiber is a 
cellular fiber, and hence very resistant to any 
decomposing action ; while wool is a nitro- 
genous fiber, and hence not as stable or resis- 
tant. Also, linen allows the perspiration of 
the body to pass through and evaporate more 
freely. It would seem as though the advan- 
tages of both kinds of undergarment are pretty 
evenly balanced, and that preference is really 
a matter of choice and comfort, not of health. 

(8767) T. A. K. says: I have some 
selenium in the powdered or precipitated form 
with which I want to spread a thin coat over 
a plain metallic surface, after which I want 
to anneal the selenium and make it sensitive 
to light. Will you please give me detailed 
directions for doing same? Is there anything 
that will dissolve the selenium so that it can 
be flowed over the surface so that the solvent 
will evaporate and leave the selenium, which 
can be annealed afterward. A. There are two 
allotroplc forms of selenium. The one is 
soluble In carbon bisulphide ; the other is in- 
soluble, but if It be melted and then cooled 
rapidly, it also becomes soluble. Both forms 
will dissolve in selenium chloride. 

(8768) M. F. S. asks: 1. What would 
a barometer register in a perfect vacuum? A. 
A barometric perfect vacuum should corre- 
spond absolutely with the atmospheric pres- 
sure, less the elastic force of the vapor of 
mercury. A nearly perfect vacuum applied at 
the base of a barometer should register at 
equal levels of the mercurial surfaces. 2. 
When It registers at % Inch Is it near a per- 
fect vacuum? A. One-half Inch of barometric 
height is only a partial vacuum and is equal 
to 0.241> of a pound pressure per square inch 
absolute. S. About what would a barometer 
register in an incandescent electric lamp globe? 
A. The residual volume of air In the best In- 
candescent lamps is about 1-1,000,000 of the 
volume at atmospheric pressure. When 
charged with gas free from oxygen the vacuum 
may be much less. 4. Can a perfect vacuum 
be made? A. We understand that a perfect 
vacuum has not yet been accomplished. The 
most perfect vacuum yet claimed is 1-500,000,- 
000 of the volume. 
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give some idea of the manner in 
which the professional services of 
Munn & Co. have been appreciated 
by those who are best qualified to 
judge of this matter, and this evi- 
dence of satisfaction is all the more 
noteworthy, inasmuch as these 
words of commendation have been 
uttered without any suggestion or 
solicitation on our part. 

I have received the patent papers for my 
storage battery and I assure you I ain very 
much pleased with the treatment received from 
you in every particular. You were frank to 
point out my errors, and careful to draw out 
all of the little points and details which 1 
now see the importance of and which would 
have been left out. If inventors knew the 
interest you take in their work in connection 
with your experience and ability, which no 
one questions, I am sure they would not so 
dread making applications for fear of errors 
nor be at a loss to know whom to employ. 
II. P. King. Kletrtrlral and Ma chine 
Works, t isgood. I nd. 

I appreciate the thorough, business-like 
manner in which you transact your business, 
and will noi full to have a good word for 
Munn & Co. when an opportunity presents 
itself. 

Kmile Weidig. Crockery. (Jlassware and 
Stoves. New Orleans, l.a. 

We are pleased to note that you have been 
successful in obtaining our patent, and we 
again thank you for the interest you have 
shown and for Hie able manner in which you 
have conducted our case. 

; llibhard Ill-others, (ias and liasi.line En- 

gines. Sandy Hill. N. Y. 

Permit me lo thank you for your care in 
looking after my interest in the case while 
pending, coupled witli your great courtesy ir. 
all of our correspondence. I also i-eceiv d 
copy of the SrlHNTlFH' Amkuican. It :tf- 

( fords me pleasure to say that 1 have been a 
reader of this valuahle paper fur many years 

■ and expect to continue during life. 

! C. P. Ifrowii, M.I»„ Spring I,ake, Mich. 

I thank you very much for the mention 
made of my invention In the Si'iKNTiFIO 
Amkuican, and I think this ought to bring it 
before the manufacturing public in pretty good 
shape, and I hope I may see my way clear 
to placing a standing advertisement with you 
in the near future. 

\Y. J. Smith. Lumber, Detroit, Oregon. 

Permit me to thank you for your prompt- 
ness and accuracy, by which yon so earnestly 
endeavored to protect my interest. I trust 
that I may have not the privilege alone, but 
the pleasure of other business relations with 
you. 

Charles II. West. Eastahuchle, Miss. 

I thank you for the ability with which you 
conducted my case before the Patent Office, 
.lolui Carter, Maiden. Mass. 

Roth Mr. Orr and myself are very much 
pleased over the prompt manner you have 
looked after this matter for us. 1 shall be 
pleased to recommend you to clients who may 
be Interested In patent applications. 

William A. McDonald. Counselor at 
Law. CihivHisville. N". Y. 
i We thank you for the diligent manner In 
which you have prosecuted our claim, and its 
successful termination. 

Ileman. Hyde & Co.. Hidgway. Pa. 
I beg to express my apprecialion of your 
successful efforts in securing for me claims 
that are so broad and fundamental in their 
character. 

C.eorge L. Dale. New York. N. Y. 
We shall he pleased to give you all the 
work we have of this kind In future and are 
much obliged to you for your courtesy In this 
matter. 

Treat & Converse. Dry Ooods Commis- 
sion Merchants. New York. N. Y. 
We are greatly pleased with the service 
which you have rendered us and wish to thank 
you for your promptness and honorable deal- 
ing throughout. 

Frank I. Post. Michigan Portland Ce- 
ment Company, Coldwater, Mich. 
Am well pleased with the way that you 
carried through the full number of claims, 
thereby getting for me a good, strong patent, 
and you can feel assured of getting my patron- 
age In the future should I decide to have any 
other parents. 

Edward M. Howell, Denver and Rio 
Grande Railroad Company. Denver, Colo. 
Please accept our thanks for your masterly 
treatment of our case, and the perfection of 
your work. 

S. M. Salisbury & Rro., Booksellers and 
Stationers. Aberdeen, S. D. 
We were most agreeably surprised to learn 
that yon had secured such broad claims In 
spite of the action of the Tatent Commis- 
sioner. We wish to say that in every case 
yon have conducted for us the results have 
been greater than we anticipated. 

II. S. Kidd. Kidd & Depue, Inventors, 
So. Norwalk. Conn. 
This makes the fifth Letters Patent that 
have been granted to me through you during 
the past year. I wish to thank you for your 
promptness and the careful attention which 
you gave to my business. 

Fred Menzer. The Menzerette Vehicle 
Company. Flint, Mich. 
I thank you kindly for your promptness and 
honesty, which I appreciate highly. 
John It. Kirk. East Las Vegas, New Mexico. 

Let me give you my best thanks for the 
masterly way in which you procured for me my 
Patent, as you got me more concessions than 
I ever hoped for, and for this there will be 
only one Patent Agency for me and that is 
MUNN & CO. As far as In my power I will 
recommend you to one and all that have any 
aspirations for patents. 

Emil P. Datow, New Orleans, La. 
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tiiiiiiueerliis Notes. 

The British Admiralty are carrying out 
numerous experiments at Devonport with 
a view to ascertaining the most suitable 
means of preventing torpedo craft from 
"jumping" obstacles placed across a har- 
bor entrance as a defense against torpedo 
attack. The obstacles for the purpose of 
the experiments will comprise steel haw- 
sers, nets, and balks of timber. A torpedo 
boat with powerful engines and a strong- 
ly-built hull has been specially selected 
for the tests. 

The new steam pilot boat "New Jersey," 
built for the New York, New Jersey and 
Sandy Hook Pilot's Association, had her 
trial trip November 12. The run was 
made from the whistling buoy to the 
Sandy Hook lightship, 4% miles, and she 
covered the distance in 16 minutes. The 
New Jersey is equipped with electric 
lights that are operated from the pilot 
house. She is constructed of oak, and her 
cabins are finished in white enamel, with 
mahogany trimmings. She has fore-and- 
aft compound engines, and her builders 
guarantee a speed of eleven knots. The 
"New Jersey," when on station, will carry 
twenty pilots and will cruise off shore. 
Her crew consists of a captain, one mate, 
two engineers, three oilers, four firemen, 
one boatkeeper. and four deckboys. Capt. 
Hennessey has command. She will put 
three sailing vessels out of the service. 
Her dimensions are 135 feet over all, 125 
feet keel, 28 feet beam, 17.6 feet deep, and 
13.6 feet draught. 

The directors of the Nord, Ouest, and 
Orleans railway companies of France, and 
representatives of Belgian, Dutch, Ger- 
man, Austrian, and English roads recent- 
ly met at Paris, in order to make arrange- 
ments for a through-train service from 
Paris to Pekin. It was shown at this 
meeting that the trip could be made by 
way of St. Petersburg and Siberia in 
eighteen or nineteen days, while the sea 
route, either by the Suez Canal or the 
Atlantic and ' Vancouver, requires from 
thirty-two' to thirty-three days. All that 
seems necessary at present is an arrange- 
ment of time-table connections and the 
selection of cities in which through 
tickets may be purchased. It is said that 
through tickets will be delivered at both 
Havre and Cherbourg, and trans-Atlantic 
companies will be able to state before 
boats leave New York whether or not con- 
nection will be made with through trains 
to the Orient. The same arrangement 
will be made for the daily service be- 
tween Southampton and Paris. It was 
also decided at the recent meeting to 
form a combination with the trans- Ameri- 
can railroads and trans-Pacific lines, so 
that round-trip tickets from New York 
to Pekin could be sold at the former city, 
with the privilege of going by the Pa- 
cific and returning by the trans-Siberian 
route, or vice versa. The time required 
from New York by either route is about 
the same. 

A further important step toward the 
realization of the late Cecil Rhodes' great 
transcontinental railroad across Africa, 
linking Cairo with Cape Town, has been 
completed by the opening of the track be- 
tween Bulawayo and Salisbury via 
Gwelo, a distance of 300 miles. By the 
completion of this section 2,000 miles of 
track of the Colonial gage is open to 
through traffic from Cape Town to Beira. 
The South African war somewhat retard- 
ed the progress of the work, as it was not 
possible to forward the material north- 
ward from Cape Town, so that work had 
to be suspended at the Bulawayo end of 
the section. However, other portions of 
the route were proceeded with meanwhile. 
As this section is now open to traffic, it 
will appreciably facilitate the progress of 
the through Cape to Cairo road, as it will 
now be possible to forward the construc- 
tional material from the landing quays 
from the Cape Colony and Beira ports 
direct to the railroad head. The Cape to 
Cairo track is laid for eighty miles north 
of Bulawayo in the direollon of the Vic- 
toria Falls. It is anticipated that the 
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road being laid will reach the Wankie 
coal field region by the beginning of 1903. 
The Russian government has completed 
the surveys for the railroad from Odessa 
via Nicolaieff and Kherson to Jankoi, on 
the Sevastopol road, with a branch of 
about thirty miles to Ochakof. Although 
this road is principally of strategical 
value, it will be highly beneficial to the 
commercial development of the region by 
opening up a large tract of grain-produc- 
ing country that has hitherto been 
severely handicapped owing to the lack 
of railroad communication. The dredging 
of the Ochakof bar and estuary of the 
River Boug — work forming a portion of 
the general scheme — has been completed. 
The fairway between the commercial port 
at Nicolaieff and the sea is now 25 feet 
deep by 350 feet wide at the bottom, and 
as it is now buoyed, will be officially 
thrown open to navigation. By the com- 
pletion of this dredging nearly all the 
steamers that visit the Black Sea will be 
able to load cargoes at Nicolaieff, so that 
the latter port will become a powerful 
rival to Odessa in the grain-exporting 
trade. 

Experiments have been carried out on 
a railroad near Frankfort with a device 
to prevent collisions, with conspicuous 
success. The invention consists of a 
small apparatus fitted to the locomotive, 
which gives visible and audible signals 
if another locomotive is approaching on 
the same line of rails, or if a switch is 
misplaced, while in addition it also ren- 
ders telephonic communication between 
locomotives possible. For the purpose of 
the experiments two locomotives were 
started for the same point on the same 
line of rails. When they were a certain 
distance apart, the apparatus on each 
locomotive gave signals to the engineers, 
who were then able to enter into com- 
munication. 

Some time ago the Scientific American 
described the Tehuantepec Railroad 
scheme, by which President Diaz hopes 
to divert the commerce of the Atlantic 
and Pacific oceans across this narrow 
part of Mexico. The plan has received 
still another setback. Dispatches from 
Salina Cruz, the Pacific terminus of the 
road, tell of a terrific series of earth- 
quakes and tidal waves which wrecked the 
harbor improvements at that point and 
have involved a loss of half a million dol- 
lars. Although President Diaz still 
firmly believes in the feasibility of his 
scheme, capitalists will probably shrink 
from investing their money in a region 
which is likely at any time to be de- 
stroyed by a volcanic eruption. The 
ruined road was built and thrown open to 
traffic in 1885, after seventeen years of 
alternate failures and renewed attempts 
to complete it. 

A new type of propeller for ocean 
steamships has been invented by Count 
Rudolph von Westphale, of Vienna. In 
this new design the four blades that usu- 
ally run out from the boss at the end of 
the shaft are substituted in straight and 
flattened supports by blades that are at- 
tached to their ends. The propelling 
blades have their outer ends at the same 
general angle of the screws, while the 
inner ends, instead of coming together at 
the center of the boss, meet at the outer 
extremity of the boss, where they are 
held in position by a circular band. The 
wheel practically has eight propeller 
blades. The outer blades are only half 
the width of the ordinary blade, and six 
inches shorter than the regulation wheel 
on the port shaft. Practical tests with 
this new propeller have been carried out 
on the North German Lloyd steamer 
"Frankfort;" and it was found that in 
the revolutions of the two types of screws 
the new propeller made 68 revolutions per 
minute as compared with 70 revolutions 
of the ordinary propeller, though the 
speed was the same in each instance. The 
main objects claimed for this new pro- 
peller are less vibration, and greater 
economy in coal consumption and steam 
power than are possible with the present 
type of propeller. 
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Electrical Notes. 

The Northern California Power Com- 
pany, which furnishes power to a great 
variety of industries in one of the most 
prosperous sections of California, has re- 
cently installed a 4,000 horse power gen- 
erating plant at the Cow Creek station, 
which is situated in the high Sierras and 
is typical of the many transmission plants 
which have recently been installed in 
California. The ultimate capacity of the 
station will be 8,000 horse power when 
the demand for power reaches this 
amount. The company has already in- 
stalled 3,000 horse power at another gen- 
erating station, known as the Battle 
Creek station, thus making the present 
total capacity of the company's electrical 
installation 7 000 horse power. Among 
the industries supplied with power by 
this company are ore-smelters, the city 
waterworks at Red Bluff and Redding, and 
the operation of large air compressors at 
the Mount Copper Company's mine at 
Iron Mountain. For lighting current Is 
also furnished to the cities of Redding, 
Red Bluff and Willows, and the towns of 
Keswick, Cottonwood, Anderson, Corning 
and Vina. These towns lie along the Sac- 
ramento River and are located in one of 
the most fertile valleys *n California. 
Irrigation is necessary on most of the 
lanl in this valley, and electrically-driven 
centrifugal pumps are employed to raise 
the water to the irrigating ditches. This 
cheap method of placing in the hands of 
the farmer the ability to obtain water 
away from streams and creeks has made 
him independent of the great water com- 
panies, and has rendered it possible to 
develop large areas of land which would 
otherwise be practically desert wastes. 
Many thousands of motors are already in 
FOR 50C. YOU CAN operation in California driving pumps for 
irrigation work, and immense develop- 
ments are yet to ensue from this appli- 
cation of electric power. The apparatus 
which the Northern California Power 
Company has recently installed in its Cow 
Creek station consists of two 1,500-kilo- 
watt, three-phase, Westinghouse alterna- 
tors, which will be driven by impact 
waterwheels supplied with water under a 
head of approximately 900 feet. 

Electric traction is especially active in 
Italy at the present time. One of the 
most important electric railroads, the 
Milan-Varese system, has recently com- 
pleted an important branch from Varese 
to Porto Cerisio, and the tests which have 
been made on the line from Gallarete 
to the last named point proved quite satis- 
factory. The grades are considerable over 
the new branch and in many places reach 
as high as 20 per cent. The electric loco- 
I motives, however, have no difficulty in 
making the trip at a speed of 35 miles an j 
hour, which could not be reached before 
by the steam locomotives. The train 
makes the run from Porto Cerisio to 
Varese, or 8.4 miles, in 17 minutes in ' 
spite of the grades and sharp curves. The 
Milan system, which has already been de- 
scribed, contains a line from Milan to 
Gallarete, 24 miles, and from this point 
are three branches to Porto Cerisio, 
Laveno and Arona, of 20, 15.6 and 18.6 
miles respectively. Trains have been 
running from Milan as far as Varese, or 
35.4 miles, for some time past, but it is 
only recently that the line has been ex- 
tended to Porto Cerisio, 8.4 miles, making 
the total distance 43.8 miles. The work 
on the other branches has not yet been 
; completed. On this road motor cars and 
trailers are used, and trains are gener- 
ally made up of two motor cars and two 
trailers. An electric locomotive is also 
used for freight an1 postal cars and sev- 
eral new locomotives are to be built. At 
last accounts there were 32 trains run- 
ning over the Milan-Varese section, among 
which were 7 direct trains which made 
but one stop between the terminals and 
cover the 44 miles in 53 minutes. In 
view of the success of the recent tests 
and the completion of the new branch, 
the project for electric traction from 
Naples to Rome, which has been discussed 

J I for some time, is being actively taken 
up. Besides this, there will be several 
(Continued on page M4) 
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branches such as Velletri-Terracina and 
others in the south of Italy. The exten- 
sive system which is contemplated will 
take a large plant, this being estimated 
at 40,000 horse power, of which the 
Naples-Rome system alone will require 
25,000. A number of hydraulic plants 
are to be erected to supply the roads, 
and these will use the falls of the Liri 
and the Volturno, as well as the Anione, 
the Pescara and several other streams. 

When a small E.M.F. is applied to an 
ozonizer, no ozone is formed, but as the 
E.M.F. is increased, ozone begins to form 
at a certain point, and a further rise of 
E.M.F. causes a very rapid increase in the 
amount of ozone formed. When the 
E.M.F is high, the power of the current 
to produce ozone is proportional to the 
square of the potential difference which 
exists between the armatures. As this 
law is not applicable until a certain 
E.M.F. is reached (which depends on the 
size of the apparatus), Mr. A. Chassy, in 
a recent paper, introduces the idea of a 
dielectric inertia to explain the irregu- 
larity. 

The value of waterfalls has greatly in- 
creased since the electrical era, says the 
Mining and Scientific Press. Time was 
when a cataract was valuable only for 
scenic purposes, but now it is useful as 
well as ornamental. Niagara is worth 
one thousand million dollars more as a 
source of electrical power than merely 
as a sight. California waterfalls are in- 
creasing in value in a commensurate de- 
gree. Snoqualmie Falls, in Washington, 
has enhanced in value 5,000 per cent in 
the last few years. 

The city of Bombay, India, is to be 
equipped with an extensive system of 
electric traction and lighting, while an- 
other scheme for operating a stretch of 
railroad is to be carried out. Water is 
to generate the necessary power for 
both projects. For these purposes two 
huge water-power plants are to be con- 
structed. The machinery for supplying 
the electricity to work the railroad is to 
be installed on the Doodh Sagar River, 
about 300 miles north of Bombay, at a 
waterfall which is about 2,500 feet in 
height. It is anticipated that with the 
projected machinery for this installation 
50,000 horse power will be generated — 
available throughout the year — sufficient 
to operate some sixty miles of track. The 
power for lighting and working the street 
railroads of Bombay is to be transmitted 
from Neral, about forty miles distant from 
the city. 

A comprehensive scheme of electric 
traction is to be installed upon the roads 
of the foreign settlement of Shanghai. 
Competition for the construction con- 
tract was very keen between American 
and British firms, but the order for the 
equipment has been placed with two Eng- 
lish houses. Work is to be commenced 
immediately. The present contract com- 
prises the construction of nine and a 
half miles of double track, and eight miles 
of single track, the necessary equipment 
and cars. The work is to be completed 
by the end of 1904, and the cost is esti- 
mated at $3,500,000. The Shanghai 
Municipal Council reserves the right to 
take over the roads at the end of twenty- 
one years on specified terms. 

A system of electric heating has been 
adopted in the cars of the electric 
railway to Versailles. In each car of 
the central corridor class, ten heaters 
are placed on the floor between the seats, 
so that they act as foot-warmers. The 
heaters are of the Parvillee type, in 
which the resistance consists of a mixture 
of metallic powder, quartz, kaolin, and 
a flux, and are connected five in series — 
being supplied from the third rail at 550 
to 600 volts. At 110 volts each takes one 
ampere, and the total power for each 
carriage, which seats forty passengers, is 
therefore 1,100 watts. Assuming a cost 
of 15 centimes per kilowatt hour, it fol- 
lows that the expense of sixteen hours' 
use will be 2.64 francs. The mean tem- 
perature obtained at the surface of the 
heaters is 70 deg. when the external tem- 
perature is deg. 
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ESTABLISHED 1845 



The Value of a. Paper 



to its readers is seldom determin- 
able, for the reason that, beyond 
an occasional letter of praise from 
"an old subscriber" or "an ad- 
mirer" — who is influenced by some 
particular article that coincides 
with his own views — editors and 
publishers rarely receive any com- 
mendation for their work. 

It is rarer still that such com- 
mendation takes tangible shape or 
extends beyond mere words, and 
therefore the periodical that can 
draw forth from intelligent people 
a substantial acknowledgment of 
its value must be conceded to have 
a very strong hold upon its readers. 
The following are extracts from letters 
from prominent Members of Con- 
gress who are readers of the Scien- 
tific A.mkhicax: 

It has no equal In the journalistic world. 

II Is a great publication, and I value It 
highly. 

There is no journal which I receive that I 
read with more pleasure. 

It Is the most valuable, up-to-date scientific 
publication of its kind published. 

There is no paper I read with such profound 
interest as the Scientific American. 

It is a great paper and one replete with in- 
teresting Information. 

I for years past have taken great pleasure In 
leading the Scientific American. 

I regard the Scientific American as decid- 
edly tiie best scientific paper published in 
America. 

No paper which comes to my hands contains 
more information of a kind that Is of practi- 
cal use to legislators. 

I began to read your valuable paper when I 
was ten years of ago. and. although it has 
not made a scientific man of me. It has helped 
to make me an American. 

I have been a constant reader of the Scien- 
tific American for many year 5. and find that 
it keeps pace with the growth of the country 
and the development of knowledge and ideas. 

It is the most valuable, up-to-date scientific 
publication of Its kind published. Its articles 
are always fresh and reliable, and written In 
such a popular style as to be easily compre- 
hended by even the layman in scientific mat- 
ters. 

The following are a few comments re- 
ceived by the Editor from sub- 
scribers when renewing their sub- 
scriptions. These letters were en- 
tirely unsolicited on our part, and 
are valued as showing the appre- 
ciation of readers from various sec- 
tions of the country, both young 
and old. 

I have been a reader of the Scientific 
American for twenty-seven years, and every 
Issue is just as new and Interesting to me as 
the first copy was when I was a young man. 
.1. L. Painter. Rellevue. O. 

A long story short Is this : My son, eleven 
years, over one year ago could not be inter- 
ested in ills school work. We had tried every 
means. Just why I cannot say, one year ago 
I ordered the Scientific American in his 
name. lie was interested, became studious 
and did so well his teacher called to ascer- 
tain what was the reason. I thought I could 
not afford the paper for the coming year, and 
my son lias earned die money and wishes to 
have Ids Scientific American continued an- 
other year. (i. B. Hoyer, Elgin. 111. 

I have taken the Scientific American for 
fifty years, ever since it was first started. I 
intend taking (j while I live. I am only eighty 
years old now.* and iniiy live some years longer 
In this healthy climate. 

Wm. Unmet. San Francisco, Cal. 

I cannot do without your paper, having 
had It for 40 years. 

<t. .1. Van IMiyne. Monroe. Conn. 

Your paper Is a grand instructor for any 
young man. and were 1 a young man, and had 
time to read. I would not be In want of the 
Scientific American and Siti'I.ement for 
$20 per year, as everything In the paper Is 
good, moral and instructive. 
W. M. King, (iermantown. Philadelphia, Pa. 

This makes the twenty-third year of ray 
continuous subscription to your valuable paper, 
and I cannot be without It. I always count 
It. my Christmas present. 

T. Ii. Oharmar. Oregon City, Oregon. 

I have nearly complete volumes of the Sci- 
entific American for some thirty-five years, 
and consider myself a life member. 

T. J. Howe. Owatsuna, Minn. 

T have subscribed for your paper over forty- 
eight years, and have not missed a copy, and 
would not be without It. 

F. Jr. Wiser. New Haven, Conn. 

Pres. Angell. of the University of Michigan, 
when questioning students in an important 
examination, said. "I would trust any boy 
anywhere that reads the Scientific Ameri- 
can." 

A subscriber for twenty-eight years writes : 
I have two sons, both occupying lucrative po- 
sitions In the East as electrical engineers. 
They were made such by reading the Scien- 
tific American. 

Your paper ought to be in every home where 
the English language is spoken." 

John Kerstein. Clarson. Iowa. 

I cannot afford to be without the Scientific 
American and Supplement, as they have be- 
come a part of my life, a perfect library up 
to date every week. T cannot speak too high- 
ly, of them. A. C. Winch. Saxonvilie, Mass. 

I have taken the Scientific American for 
the last twenty-five years, and have every 
Issue to date. I would nol think of doing 
without it. It is the best paper published 
in the world. I.. '•. Murray, Converse. Ind. 

I have taken your interestlim and valuable 
paper for more than twenty-five years, and 
probably shall continue as long as I live, and 
I wish that every young man could be a con- 
stant reader of it. 

B. M. Gunston, Oswego, N. Y. 
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Science Notes. 

A. Winkelmann states that as a result 
Of his experiments on the diffusion of hy- 
drogen with platinum, he finds that the i 
rate of diffusion increases' after the plat- 
inum has been treated for some time. It 
is proved that this is not due to expulsion 
of occluded air, but to the crystalline 
structure assumed by the metal. When 
the platinum has passed into this state, it 
persists therein. The diffusion of hydro- 
gen through red-hot platinum is not pro- 
portional to the pressure of the gas, but 
it is probable that the diffusion is accom- 
panied by a dissociation of the molecules, 
and only the atoms of hydrogen pass 
through metal. The results agree with 
the formula obtained in previous experi- 
ments. The present experiments were 
made with a platinum tube 19 cm. long, 
1 mm. in diameter, and 0.1 mm. thick in 
the walls. The metal was heated electri- 
cally. 

A writer evidently versed in the prac- 
tical manufacture of mantles contributes 
to a contemporary the information that 
the chemicals in 1,000 mantles cost $17.50; 
the fabric prepared, $ 13 ; the shaping, $14 ; 
coating, $3.75; boxing, labeling and pack- 
ing, $3.75; profit, and selling expenses, 
$6; total, $60. Or the manufacturer can- 
not sell a reliable mantle for less than 6 
cents apiece. 

It has been found that when photo- 
graphic dry plates are cut with a diamond 
on the side opposite the film, and then de- 
veloped, the film turns dark along the 
edge of the plate to the breadth of a few 
millimeters. The film always develops 
first on the side next the glass. This ef- 
fect has been traced to a momentary 
fluorescence along the line traced by the 
diamond, the radiation penetrating the 
plate. 

The formation in the gold fields of 
South Africa is peculiar. The gold is in 
reefs. According to the Mining and 
Scientific Press, these reefs are massive 
and made up of coarse granite conglom- 
erate and sandstone, with here and there 
large or small cement seams. The gold 
is not in the quartz or sandstone, but in 
I the cement. The streaks which carry 
the gold are from 6 inches to 60 feet in 
width, and almost invariably widen with 
depth. When the outcropping is first dis- 
covered it looks like a vertical vein, but 
soon flattens out on depth. The mining 
there is more like coal than gold mining 
anywhere else. Shafts are nearly all 
16 x 8 or 16 x 6. 

During the progress of some excava- 
tions in Alexandria, Egypt, the workmen 
came across several huge blocks of mas- 
onry, some as much as three yards square. 
: The remains of the entablature of a 
1 large edifice, which probably consisted 
of two stories, were also found. Some 
of the blocks bear quarry marks difficult 
to decipher. These masonry blocks, 
which have been examined by experts on 
the spot, are believed to be the ruins of 
the ancient theater of Alexandria de- 
scribed by Strabo. The discoveries are 
to be carefully investigated by expert 
Egyptologists to ascertain their exact 
origin and the era to which they belong. 

The so-called gutta-percha tree which 
has been grown experimentally in the 
island of Zanzibar appears to be of doubt- 
ful economic value, as the latex obtained 
from it loses its plastic character after a 
few months, and becomes friable. 

A series of experiments has been made 
by Schaible to determine the effect of 
diminished air-pressure on the growth 
and germination of plants. The apparatus 
used is fully described and illustrated 
and details of numerous experiments are 
given. The results arrived at were that, 
as compared with similar plants grown 
under normal barometric pressure, those 
under the diminished pressure — in most 
cases about one-quarter atmospheric pres- 
sure was employed — (1) grow more rapid- 
ly; (2) germinate more slowly; and (3) 
excrete drops of water from their leaf 
surface. 

Prof. Exner, founder and. director of the 
Technological Museum of Vienna, re- 
(ConMmMd on pagt «6) 
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cently declared that the five million tech- 
nical experts of all grades throughout the i 
world had too small a share in law mak- j 
ing and the administration of the various ' 
states. He maintained that technical 
knowledge was of such importance as to 
warrant the creation of politically inde- 
pendent technical departments in every 
country. 

Dr. Oliver P. Hay of the American , 
Museum of Natural History has found the 
humerus or upper wing-bone of a great 
auk's wing among a number of bones and 
shells sent to the Museum for examina- 
tion by the State Geologist of Indiana. 
The bird has been extinct since 1844. The 
most remarkable thing about the dis- 
covery is that the bone was tug from a 
mound at Ormond on the south coast < 
of Florida. The north coast of Massa- I 
chusetts is generally supposed to have 
been the most southern point the bird 
ever reached. 

Some interesting experiments in the 
interest of science have recently been un- 1 
dertaken at. the Turin Physiological In- 
stitute, with the object of ascertaining 
the proportion of carbonic oxide necessary 
in the air to destroy human life. Signor 
Teodoros Scribante of Turin placed him- 
self unreservedly in the hands of Prof. 
Mosse for the purpose of the investiga- 
tion. On three successive occasions Sig- 
nor Scribante was confined in a hermeti- 
cally-sealed iron chamber, the air of which 
was mixed first with 1-333 of carbonic 
acid, then with 1-285, and lastly with 1-233. 
At the third experiment the courageous 
patient ceased to breathe, and was found 
to be in a cataleptic state, from which he 
was restored only by means of oxygen. 

The London County Council has been 
carrying out for several months interest- 
ing experiments for the purpose of ascer- 
taining the degree of effect different gas- 
eous and liquid disinfectants exercised 
upon microbes. Various materials, in- 
cluding cloth, unvarnished wood, linen, 
and wall paper, all of which in ordinary 
practice often require to be disinfected, 
were experimented upon. As regards fluid 
disinfectants, it was found that corrosive 
sublimate, one part in one thousand, with 
24 hours' exposure, destroyed all mi- 
ll crobes, including the spores of anthrax 
: and the tubercle bacilli; carbolic acid 
in five per cent solution, with 24 hours' 
exposure, failed to destroy anthrax spores, 
but was efficacious in all others. One 
teaspoonful of Condy's fluid to a pint of 
water, with 24 hours' exposure, gave a 
negative result; when used in five times 
that strength it was still practically of no 
value. Bleaching powder, generally 
speaking, only destroyed the less resistant 
forms of microbes, though in the case of 
anthrax spores on paper and on linen 
it was more effective than carbolic acid. 
The typhoid bacillus was killed by all i 
disinfectants used, except Condy's fluid ' 
and bleaching powder. The diphtheria 
bacillus was killed by formalin and sul- ' 
phur dioxide. Anthrax spores were only j 
destroyed with certainty by the perchlo- i 
ride of mercury, the other disinfectants : 
either failing occasionally or being un- 
certain. For tubercle bacilli carbolic 
acid and perchloride of mercury were the I 
only disinfectants efficacious on each oc- 
casion, and it is especially deserving of 
notice that neither formalin nor sulphur 
dioxide was efficacious for wood or cloth 
infected with this bacillus. 

According to the Lancet, evidence is ac- 
cruing that the practice of adding arti- 
ficial coloring matter to milk is increas- 
ing. Samples are commonly met with 
thus colored to give them a rich but false 
creamy aspect. The natural color of 
milk bears no relation necessarily to the 
amount of cream present. It is very de- 
sirable that this practice should be 
stopped. We believe that annatto is the 
dye commonly employed and it is for- 
tunate that it is harmless, though that 
fact does not justify the device. Certain 
coal-tar dyes have, however, been detected 
in milk and among them methyl-orange, 
or, in chemical nomenclature, the sodium 
salt of dimethylaniline-azobenzene sul- 
phonic acid. 
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Also 40 short special Engineering Courses 



Instruction Under Members of 

Faculty of 
Armour Institute of Technology 



Textile ilanufacturlng under foremost authorities 

All work, therefore, will receive full credit toward resident work at the Armour Institute 
should the student at any time continue his studies there. For txamiile : Pints 1-6 of the work 
on Mechanical Drawing mastered under these auspices will be accepted as entrance prepa- 
ration on that subject to the College of Engineering. 

Asm help In their studies, students tn full engineer! n( courses are fur- 
nished, without extra charge, m Technical Reference Library (In 10 
volumes), in addition to regular Instruction papers. 

Full particulars and catalogue may be had upon request. State course in which you arc 
interested and present occupation. 

American School of Correspondence 

at 

Armour Institute of Technology 



Mention 
Scientific American 



CHICAGO, ILL. 



SIXTEENTH REVISED AND ENLARGED EDITION OF 1901. 

*g The Scientific American <g 

Cyclopedia of Receipts, Holes and Queries. 

15,000 RECEIPTS. 734 PAGES. 

Price, $5.00 in Cloth. $6.00 In Sheep. $6.50 in Half Morocco. Post Free. 

This work has been revised and enlarged. 

900 NEW FORMULAS. 

The work is so arranged as to be of use not only to the 
specialist, but to the general reader. It should have a place 
in every home and workshop. A circular containing full 
TABLE OF CONTENTS will be sent on application. 

Those who already have the Cyclopedia ma3' obtain the 

T901 APPENDIX. 

Price, bound in cloth, jjli.oo, postpaid. 

MUNN & CO., Publishers, 361 BROADWAY, NEW YORK CITY. 
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A NEW 
ELECTRIC HOIST 

for rapid handling of loads under 5 
tons. This hoist is designed for use 
in shipyards, docks, machine shops, 
etc., and is light, compact, weather- 
proof and practically indestructible. 
It has a lifting capacity twice as 
great as any other hoist of similar 
weight, and requires no special 
operator. The superiority of this 
hoist is described in our illustrated 
bulletin No. 10209. Write for a copy. 

SPRAGUE ELECTRIC CO., 

527 West 34th St., New York. 



American Steel & Wire Co. 

Chicago New York Worcester Denver San Francisco 

WIRE ROPE 
ELECTRICAL WIRES 
WIRE OF ALL KINDS 




AUTOMOBILES 

(ELECTRIC AND GASOLENE) 

For all requirements of Pleasure 
GenereJ Vse or Business 




Columbia Extension-Front Brougham 

RUNABOUTS VICTORIAS 
SURREYS TONNEAUS 
CABRIOLETS TOURING CARS 
BROUGHAMS BUSES 
TRUCKS DELIVERY WAGONS 
PATROL WAGONS AMBULANCES 



Catalogue on application ; also separate 
pamphlets for each vehicle, contain- 
ing complete detailed information* 

Electric Vehicle Co. 

HARTFORD, CONN. 
NEW YORK : 100 Broadway 
BOSTON : 43 Columbus Ave. 
CHICAGO: 1421 Michigan Ave. 



RECENTLY PATENTED INVENTIONS. 
Agricultural Implements. 

HARROW. — H. H. Larsen, Crookston, 
Minn. Mr. Larsen's present invention is an 
improvement upon a construction previously 
patented by himself. The improvements con- 
sist in making provisions for the operation 
of the front and rear axles by a single ad- 
justing iever having operative connection with 
both axles. The axles are also constructed 
so as to bring the running wheels within the 
limits of the frame. The middle rank of 
teeth are grouped in such a way that the 
operation of the individual teetfc does not 
interfere with other teeth or the teeth of 
other ranks in front or at the rear. 



Dental Improvements. 

•ENTAL FORCEPS.— W. T. Martin, Yazoo 
City, Miss. The beaks of these forceps are 
thin and sharp and yet strong, and are adapted 
to be forced into the tooth sockets around 
tooth roots, whereby a very firm hold is ob- 
tained on the latter, so that they may be 
easily removed. By the use of this instrument 
it is unnecessary to cut away the alveoli in 
order to obtain access to tooth roots whose 
tops are broken off, since the beaks can be 
forced into the sockets, whereby they cut 
away and press outward the surrounding bont 
or tissues, and this is done with less injury 
to the sockets than by the ordinary method of 
extraction. 

DENTISTRY.— G. G. Martin, Pecos City, 
Texas. Dr. Martin's invention is an im- 
provement in dentistry which has for a 
primary object to provide means whereby the 
natural teeth which have become loosened 
from any cause, such for instance as pyorrhea 
and Kiggs disease, may be tightened and held 
in place In the jaw. 



Engineering Improvemeuts. 

ROTARY ENGINE.— F. C. Jewell, Seattle, 
Wash. Mr. Jewell is the inventor of an im- 
proved rotary engine, the distinguishing feature 
of which consists in providing two intermesh- 
ing pistons operated in a double cylinder and 
actuated in connection with certain peculiar 
devices for controlling and supplying the ad- 
mission of steam, whereby a relatively high 
speed may be obtained. 

ROTARY ENGINE.— M. D. Kaluach, Le- 
banon, Pa. Mr. Kalbach's invention provides 
an engine whose direction is readily controlled 
and in which devices are employed for SO 
controlling the cut-off valve as to secure 
advantage of the direct action and expansion 
of the steam in a simple and effective man- 
ner. 

ROTARY ENGINE.— G. M. Walkek, Lin- 
coln, Neb. The objects attained by this in- 
vention are the provision of means for utiliz- 
ing the steam expansively in a rotary friction 
engine ; to automatically adjust the abutments 
of the rotary piston for operation according 
to the direction in which the engine is des'red 
to be driven ; to provide fluid pressure means 
for reversing the positions of the abutments, 
and consequently the direction of rotation of 
the piston; to provide a simolc \alve mechan- 
ism for controlling the admission of steam to 
the pistons, and the exhaust theretrom, and to 
simplify the construction whereby, without 
detracting from its efficiency, the engine may 
be manufactured at a moderate cost. 

ROTARY ENGINE.— J. M. Williams, Krebs, 
Ind. Ty. This invention is an improvement 
in that class of rotary engines in which a pis- 
ton is eccentrically mounted on a shaft adapted 
to be rotated within a circular drum and to 
co-operate with a swinging or otherwise mov- 
able abutment located in a chamber forming 
a circumferential enlargement of the steam 
chamber of this drum. 

TRACTION-ENGINE COUPLING.— J. W. 
Pulleu, Jansen, Neb. Mr. Pullers invention 
relates to means for detachably connecting a 
traction engine to the tender, and likewise 
for connecting the fuel and water supplying 
tender with a portable threshing machine or 
other wagon for its progressive movement. The 
construction of the device is such as to adapt 
it for very reliable and convenient service, 
permitting the automatic connection of the 
engine with a vehicle to be drawn thereby and 
also facilitating their disconnection. 



Mechanical Devices. 

BREAD-CUTTING MACHINE.— C. J. VANN, 
Brooklyn, N. Y. The object of this invention 
is to provide an improved device of simple 
construction which is more especially designed 
for use in hotels, restaurants, boarding-houses 
and the like, and which is arranged to cut 
slices of bread to any desired thickness and 
trim the same to a uniform shape. 

CASH-REGISTER.— II. Pottix and LUCIB 
Moussiek, 100 Rue St. Lazare, Paris, France. 
The improvements which are provided in this 
invention consist in so arranging a cash regis- 
ter as to automatically prevent the key levers 
indicating the number to be added to those al- 
ready registered, from getting out of order 
during the counting operation from the mo- 
ment this operation commences until the mo- 
ment when the partial number indicated by 
each lever is registered and totaled. Each 
lever after registration of the partial number 
is automatically freed and brought back to 
zero position. 

{Continued on page 128.) j 



Absolute Protection Against Fire 

NO ACIDS 

NON-EXPLOSIVE 

NON-FREEZING 

All our extinguishers filled with the marvelous "Little Giant" solution' 
and operated on the pump principle 

References j A " Flre insurance Companies and Fire 
( Departments in the United States. 



One Quart Size 
$2.50 



usher Company 




19 Liberty Street, New York 



Three Gal. Size 
$25.00 



think because our PrecU 
sion Model Lathe is oflered 
to you at such an extreme- 
ly low price that It is lack- 
ing in quality. It embodies 
all the pood points neces- 
sary to make It capable of 

any work up to its capacity and good 

work at that., Something vou ktl 

looking for. 

MASSACHUSETTS TOCK. COMPANY 
25 Wells St., Greenfield, Mass. 




WIRELESS TELEGRAPHY.— SCIEN- 
TIFIC American Supplement Nos. l'-il :l. 1 3*J7» 
1 3'JH and 13^9. contain illustrated articles on this 
subject by G. Marconi. Additional illustrated articles 
by other authors are contained in Scientific Ameri- 
can Supplement Nos.llg4ill31.il??, l Mri, 
Ir£17, 1-21S. 1219 and 1304. These papers con- 
stitute a valuable treatise on wireless telegraphy. Price 
10 cents each from this office, and all newsdealers. 



ELECTRIC LAUNCH MOTOR. — THE 

design in this paper ia for a motor of unusual simplicity 
of construction, which can easily be built by an amateur 
at small cost. It Is Intended for a boat of ab out 24 feet 
over all and 4 feet 6 inches beam, drawing 18 inches, and 
Is capable of propelling such craft at a speed of 7 miles 
per hour. Illustrated with 21 cuts. See Scientific 
American Supplement, No. 1202. Price 10 cents by 
mail, from this o^lice. and from ail newsdealers 



automobile: 



A valuable and fully illustrated article with complete 
scale drawings Bbowin« construction of steam automo- 
bile tbatcan be buil t for less than $.i00. Full instructions 
and drawings. $1.00 postage prepaid. 

c. E. DOYLE, 

2125 North 29th Street, Philadelphia, Pa. 



■ i-jMmi 



fibbed Langitutt/n^ 
. 9 'iy and Diagonally 



The Galvanized Spring Steel Frame of a King boat 
keeps it always in perfect form. We are now making 
18 ft. Tenders for Torpedo Boats 8 and 9 U.S.NAVY 
The only knock-down boat with regular frame and 
keel to suit a critical sportsman. 

This is tbe time to write us. 

KING FOLDING CANVAS BOAT CO., 
673 North Street, Kalamazoo, Mich., U. S. A, 




FROM 360 A. D. DOWN TO OVR OWN TIMES 

Sent FREE For Your Approval 

** History," as Lowtll says, "is mainly the biography of a few imperial men," the men whostand 
as beacon lights upon the hills of time. Their lives* are more interesting than a romance, for 
what they have dared and what they havedone is fact, not fictiox. They are the real 
makers or history, and their achevenVnt.s are recorded in "Heroes of IIIstoFyVour 

New Libracry 
of Biography 

These biographies afford the easiest, most pleasant and 
most fascinating way to become acquainted with the 
world's history forthe past 2300 years. They kindle 
the imagination, brighten the intellect, broaden the 
understanding and indelibly impress important 
liarj.enltips upon the niemorv. HKltOKt* 
OF HISTORY is ;i possession of 
Hfe-lung value, and constitutes 

The One Superb 
Christmas 
Gift ^ 



Handsome 
Volumes 




We semi Ihem all to you at «me 
for your approval, and \-x\ tiu\.«- 
poRTATii.v charuks. We (Id this be- 
cause we want yon tu examine thf i. \tirk 
work at your leisure. When you note the 
creat names whose deeds are recorded, from 
Alexander the Great to our own lJencr.il Grant ; 
when you mark the distinguished histc/ians critics 
and literary celebrities who have written the bio- 
graphies ; when you notice the handsome Mnding, large 
clear tvpe, excellent paper, numerous half-tone ;tnd wood 
engravings printed on coated plate paper; when you observe 
the convenient size and dignified appearance of trie volumes- 
when you do all this, we are confident that you will exclaim 
This is the work I want." 

Why You Need This Work 

irstof all because it is the bent; because it is the only biographical 
f which adequately covers the held ; the only library written by 
diMtliiguished authors, hUtorluu* and critic*, such 
as James Anthony Froudk, Edward A. Kkkkman, Kkkhkric IIakki- 
>n, Washington Irving, Hkadlkv, Hi-arks, etc.; because no other 
irv of biographv contains the lives of all the following REAL MAKERS 
OF HISTORY: \\ ashincton, Lincoln, Nai-oleon, Grant, Columbus, 
Fkkdkrick the Great, Cromwell, Nelson, Franklin. William the 
Silent, Livingstone, Htani.kv and Joan of Arc, Two widelv advertised 
biographical works omit all of these. HEROES OF HISTORY is 
conceded to be the latent, moKt complete, and by far inoftt authori- 
tative work of the kind in existence. 



Just Now Less 
ThaLii Half Price 



We shall distribute over as wide an area aB possible a portion of the 
first edition at a fraction— less than half—of the regular subscription 
price, and make the books do theib own advertising. These 
special advertising sets will be quickly claimed by reason of the excep- 
tionally low introductory price* and it in therefore safest for t 
you to let us pend you the volumes at once, in which case use the ^ 
coupon printed at the right. It costs yotJ nothing to exam- ^r 
ine the work. Remember, we pay all transportation 
charges, and the receipt of the volumes by you implies no 
obligation on vour part to keep them unless you feel that they 
will form an interesting: and valuable Hddition to your 
library, or unless you desire the work ns a holiday gift for 
some one whose welfare you have at heart. A 

B3?~A few setB have been bound to special order in *. 
Genuine Half Morocco <5ilt tops, which we will supply for 
$1 on examination and $2 monthly for 16 months. 



cons: 

OFF, SlG? 

■mi Mai i 

ONCE to 

THE 

PERKINS 

BOOK CO., 

29fi Broadway, 

New York. 



Please send me for 

ivfree inspection, all 

transportation charges 

ire paid, one complete 

set of "lie roe* ot* 

HUtory '* — 25 volumes, 

in (Cloth or Half Mo- 

icco) binding, to be returned 

ithin ten days at your expense 

if not satisfactory. If I keep 

the books, I agree to pay you or 

.our order $1 on exam (nation and 

$§ a month thereafter for* 

months. Title to books is not to pass 
i me until they are fully paid for. I 
reserve the right to pay cash in full at 
any time. 



ete PERKINS BOOK CO. 

296 Broadway, New York 



(Sci. Am. Dec) 

*In ordering Cloth, rill in 9 inos.; 



if Half Morocco 16 mos. 
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OOD or METAL 
Workers 



Without Steam Power should 
fte* oar Foot and Hand Power 
Machinery. Send for Catalogues 

A" >Wood- working Machinery, 

B— Lathes, etc. 

SENECA FALLS MFG. CO. 
6°" Water St. ,3:neca Falls, N.V. 




I^ AT Ur Jt TOOLSf supplies 

LAI llLO.'SEBASTlAN LATHE / ■.'•;,- 



WORKS LIKE A CHARM. 

Perfect sat Isf action i 3 experi- 
enced using our No. 5, 6 or 9 
Hand Pipe Threading and 
Cutting Machines. Crank or 
ratcbet power. Gears housed 
from dust. Chasers set by grad- 
uation to any size, can be re- 
leased from threading while In 
motion, opened to permit pipe 
u eing cut, and Instantly closed. 

13T Send for Free Catalogue to 
The Merrell Manufactur- 
ing Co.* 501 Curtiss Street. Toledo, Ohio* 




THE OBER LATHES 






For Turning Axe, Adze, Pick, 
Sledge, Hatchet, Hammer, Auger, 
Hie, Knife and Chisel Handles. 
Whiffietrees, Yokes, Spokes, Porch 
Spindles, Stair Balusters Table 
and Chair Legs and other irregular 
work. 

W* Send for Circular A* 
The Ober Mfg. Co., 10 Bell St., Chagrin Falls, 0., U.S.A. 



MORAN FLEXIBLE JOINT 

for Steam* Air or Liquids. 

Made in all sizes to stand any desired 

pressure. 
Moran Flexible Steam Joint Co.. Inc'd, 
149 3d Bast St., Louisville. Kt. 




NEW BINOCULAR. 




Nkw York: 50 111th Aye. 



(The Trieder.) 
Small as an opera glass. More 
powerful than the largest Held 
glass. Send for Circulars. 

QUEEN & CO. 

Optical and Scientific Instru- 
ment Works, 
1010 Chestnut Street. 
Philadelphia, Pa. 



GAS and GASOLINE 
ENGINES. 

rsiiw Natural Gas, 
foal Gas, Producer 
Gas, and Gasoline di- 
rect from the tank. 
1 to 40 H. P., actual. 
The Springfield 

Gas Engine Co. 
21 W. Washington St. 
Springfield, O, 





To Owners of Gasoline Engines, 
Automobiles, Launches, Etc 

The Auto=Sparker 

does awav entirely with nil starting and 
running batteries, their aunovauce and 
expense. No belt — no switch — no liat- 
teries. Can be attached to any engine 
now using batteries. Fully guaranteed; 
write for descriptive catalog. 

Motsinger Device Mtg. Co., 
14 Main St., Pendleton, lnd. 



Automobile Engine BuXau 

After careful testing we offer to the 

public, with confidence, the 

S„ IS. & 31. Compound Engine 

Dimensions of Cylinder are 2% and 5 
in. x 4 in. stroke. Height of Engine 
21 in . Base 8x12 in. Weight, Engine. 
16 I ha. H crank shaft bearings. All 
working bearings of bronze. Piston 
mrts of machinery atRel. Air and 
holler pumps connected from cross 
head. Plain side valves. We also 
build running gears and make parts. 
NIIAEFFEK, BtXC'E A- CO., - Lochport 
Succesior* to ShaefkKK, Blnik & MaUVIN. 




SALTING-MACHINE.— J. W. Ghees, As- 
toria, Ore. Mr. Gheen's invention relates to 
machines for supplying salt to cans used for 
canning meats, fish, and other foods. The 
object of the Invention Is to provide a machine 
of simple construction by means of which meas- 
ured quantities of salt may be rapidly fed 
into the cans. 

STAMP-AFFIXING MACHINE. — C. J. 
Fancher, Granby. Conn. The machine com- 
prises a mechanism for moistening the corners 
of the envelopes, for feeding the stamps to a 
point adjacent to the moistened corners, for 
detaching the stamps from each other, and 
for pressing the stamps upon *the moistened 
corners of the envelopes by a peculiar rolling 
motion. 

TUMBLING-MACHINE.— II. 10. Bahton. At- 
tleboro, Mass. This machine Is designed more 
especially for treating jewelry such as chains, 
parts thereof and the like, to clean and polish 
the same in a very Inexpensive and thorough 
manner. Mr. Barton's invention provides a 
very simple and durable construction for ef- 
fectively performing this operation. 

MOTION-TRANSMITTING DKVICE.— G. G. 

Beitzel, Copenhagen. Denmark. In sewing 
machines with rotating shuttles, it is very 
advantageous to impart to the shuttle shaft 
a variable rotating motion In order that the 
upper thread may have sufficient time to l>e 
drawn away from the catcher before the new 
stitch is made. This limy be effected by means 
of specially shaped cog-wheels : but by such 
an arrangement the parts are subjected to con- 
siderable wear, and therefore in this invention 
the cog-wheels are replaced by n peculiar form 
of angle lever capable of turning around two 
axes at light angles to each other, the one arm 
of the lever being connected with the driving- 
shaft, while the other arm Is'connected with 
the catcher. 



Hallway Improvement**. 

CAK-BKAKE.— J. RuxNOK, Crested Butte, 
Colo. An improvement in car brakes Is pro- 
vided by this Invention, which relates par- 
ticularly to slack-adjusters for such brakes. 
The slack-adjuster is so constructed that it 
may be quickly set to take up the required 
slack. This operation may be performed by 
operating the take-up block by means of the 
foot of the operator, thus leaving his hands 
free. 



VAN NORMAN 

Universal Bench Lathes 

have a full line of the most 
improved attachments 
tor Screw Cutting, 
Milling. 
Grinding, Etc. 
_ ' Send for Catalogue. 

WALin^ni H.i.n luoL bU.nPANY, Springfield, Mass. 




The " Wolverine " Three 
Cylinder Gasoline Ma- 
rine Engine. 

The only reversing ami self - 
starting gasoline engine <m 
the market. Lightest engine 
f» the power built. Practi- 
cally no vibration. Absolute- 
Iv xafe. Single, double and 
triple marine ami stationary 
motors from V to 3(.i H. P. 

WOLVERINE 

MOTOR WORKS, 
Grand Rapids. Mich. 




Sqvisvbs Paty Bl£ 

Easier, need attention only part of 
time, bring big prices. Raised In one 
month. Attractive for poultry-men, 
farmers, women. Send for FREE 
BOOK LET und learn this immensely 
rich home industry. 



Plymouth Rock Squab Co., 14 Friend St,, Boston, Mass. 




Our 

PeivO'' 1 
Letter 



Copies 

Letters 

While You 

Write 



Use your own paper. 
Any pen, any ink, no press 
Government Officials, Colonists, Farmers, 

will find it invaluable. 

| Every man who writes letters should write for price: 

if his stationer does nut keep it. We manufacture 

"Dltmars" Typewriter Ribbons 

and Carbon Paper. 

PEN-CARBON MANIFOLD CO., Dcpt. |, 

145-7-9 CtotrtSt., New York, U.S.A. 



Miscellaneous. 

DRAFTING INSTRUMENT.— C. H. Quimby. 
Jr., Confluence. Pa. Mr. Qulniby's improved 
drafting instrument is more especially designed 
for the use of railroad engineers in the work 
of railroad location. The instrument provides 
a railroad-curve projector, a curved scale being 
arranged to permit the user to readily select 
such curve or combination of curves as will best 
suit the conditions shown on the plan or con- 
tour map and to obtain the length of the 
curve without further calculation. 

CIIAXGEAHLU-ADllItKHS llOLl>Klt.— 1>. K. 
Weri'S, Grants Pass. Ore. Mr. WVrts is the 
Inventor of a changeable address holder which 
will be found useful for trunks, valises and 
other kinds of baggage. The holder comprises 
a clamping-plate, which is adapted to chimp the 
address label in place. The elaniplng-piutt' Is 
held in a frame-plate by an eccentric disc 
which may be rotated out of engagement with 
frame-plate when 11 Ih desired to remove or 
change the address label. 

DOG ATTACHMENT FOK LOGGING-CARS. 
ETC. — G. T. llriHJKNs, New Waverly. Tex. Mr. 
Hudgens provides by this invention, an im- 
provement in dog attachments for logglu cars, 
sleds, wagons, etc.. and the invention has for 
its object to provide u device which will se- 
curely retain logs on a car. sled or wagon, and 
also readily release the same for unloading 
when required. 

HOOK-HOLDER. -IS. A. JoNKS. Indianola, 
Neb. By this invention hooks are held on 
the shelves of bookcases in an upright position 
and are prevented from leaning or falling over 
when the shelves are only partly full or when 
one or more books are removed from a full 
shelf. This is accomplished by long and nar- 
row bars placed horizontally and attached to 
the inside of the back part of the bookcase be- 
tween the shelves and by projections which are 
attached to these bars and project between the 
books to hold them In place. 

STOCKING.— M. Lamond. Oakland. Cal. Mr, 
Lamond's invention seeks to overcome the ob- 
jections and difficulties incident to the use of 
ordinary stockings and stocking-supporters, 
such, for Instance, as the insecure connection 
of the supporters with the stockings, the in- 
convenience of application and adjustment, 
the tendency of the top of the stocking to 
swerve one side or the other, and the sagging 
Of the stocking between the points of sus- 
pension. 

GAME APPARATUS.— II. J. Fkykixger. 
Baltimore, Md. The Invention is an improve- 
ment In game apparatus, being especially in 
the nature of an apparatus for playing what 
the inventor terms "royal pin hall." involv- 
ing some of the principles of ten pins. In 
playing the game a hall which swings on a 
cord must lie so struck as to clear certain fixed 
posts and kuut-k down the pins beyond. 

Note. -Copies of any or these patents will bv 
furnished by Munu & Co. for ten cents each. 
Please state the name of the patentee, title of 
the invention, and date of this paper. 




Pneumatic Tires 

For Automobiles, Bicycles and Other Vehicles. 



We have in stock, and will supply, the proper size and weight 
tires for any kind of wheels. Let us advise you regarding the 
tires best adapted to your requirements, and send you some 
signed statements received by us from some of the best auto 
makers and dealers in this country, endorsing our product. 



They are Standard Tires of their Respective Types, 





Splitdorf Coils 

V^ N^ ^ 

THE RECOGNIZED STANDARD 
AUTOMOBILE SPARKERS. 
v< \« ^ 

C. F. SPLITDORF, 

17-27 Vandewater St., N. Y. 




The Americans Lead The World 

We are iloinjf uur part by producing the best jump 
spark apparatus for the ijfimion of tpiKoline engine*, 
Our foftfl give a hot. Men n|K>rk. Our double huui- 
lated, mil a i-nreil Kjmrk plugs are plant Hired against 
breaking down iif iiiMiilatlon. Our Llttk- ( iiimt IK. 
Ii.iino run lie operated tin either totn-h or iui itji sjntrk. 
Aud our dry butteries have the Ion pest life. Thtse 
are essential ponis of good Ignition. If you have 
trouble, don't forget that our outtitu wil! dispel 
them. Semi for (-at'dngue. Mention thin paper. 

AMERICAN COIL CO., West SomervlUe, Mass. 
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THE COLUMBIA LOCK NUT 

meets a long felt want in the mechanical world. 
It is praised and recommended by all who are 

acquainted v. ith its merits. No railroad, auto- ( 

mobile or other manufacturing concern, where ( 

there is jar and vibration, and where a positive < 

and secure fastening is required, can afford to * 

be without it. ! 

Write for prices and catalogue. Sample free. ( 

The Columbia Lock N\it Co. (incorporated) * 

BRIDGEPORT. CONN. ( 

*<%*'%'%'%<% %'%'VWW *•«/%<%/%<% ••«v«v*v%^«> ^«v%^tv«v% %<%/*W% ■ 





LAUNCHES 



Steam and Sail Yachts. Row Boats, 
Canoes. Our catalog gives the truth 
in detail about the best boats built. 
Write for It to-day. Addreutf 

RACINE BOAT MANUFACTURING CO. 

Box 36. Racine, Wis. 
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Ualuablc ^ Books ! 

* * * 

REVISED and ENLARGED EDITION of 1001 

The Scientific American 



Of Receipts, 
Notes 8Li\d 9 
Queries, v 



Cyclopedia 

15.000 Receipts. 734 Pages. 

Price. 83.00 in Cloth. 86.00 in Sheep. 86.90 
in Half Morocco. Post Free. 

This work has been re- 
vised and enlarged. 

900 New Formulas. 

The work is so arranged 
as to be of use not only to 
the specialist, but to the 
general reader It should 
nave a place in every 
home and workshop. A 
circular containing full 
Table of Contents will 
be sent on application. 

Those who already have 
the Cyclopedia may obtian 
the 

1001 APPENDIX. 

Price, bound in cloth. 11.00 

postpaid. 

The Progress of Invention 
In the Nineteenth Century 

By EDWARD W. BYRN. A.M. 




Large Octavo. 4ttU Pages. 



mittustratUm*. IMc? 83.00 
by Mail, Postpaid. HalfRed 

Morocco, Gut Top $4.00. 

The most important book 
ever published on Invention 
and discovery. It is as read- 
able as a novel, being written 
in popular style. 

The book gives a most com* 
prehnnyive and coherent ac- 
count of the progress which 
distinguishes this as the "gold- 
en age of Invention." result* 
inp In industrial and commer- 
cial development which Is 
without precedent. A chrono> 
logical calendar of the leading 
inventions is one of the most 
important features of the 
book, enabling the reader to 
refer at a glance to important 
inventions and discoveries of 
any particular year. The book 
is printed with large type, on 
fine paper, and is elaborately 
Illustrated by 300 engravings 
and Is attract! vel y boun d . 



NOW READY 

TWENTY -THIRD EDITION 

• _ ± _ 4 ft _ • 






By GEORGE n. HOPKINS 

Revised and Greatly Enlarged. 2 Octavo Volumes. 1,100 

Pages. 900 Illustrations. Cloth Bound, Postpaid, 

$5.00. Half Morocco, Postpaid, $7.00. Or 

Volumes Sold Separately : Cloth. $3.00 

per Volume; Half Morocco, 

$4.00 per Volume. 

EXPERIMENTAL SCIENCE Is so well known to 
many of our readers that it Is hardly necessary now to 

description of 




tb 



this work. Mr. Hopkins 
decided some months 
ago that it would be 
necessary to prepare a 
new edition of this work 
in order that i he many 
wonderful discoveries 
of modern times might 
be fully described In Its 
pages. Since the last 
edition was published, 
wonderful develop- 
ments in wireless tele- 
graphy, for example, 
have been made. it 
was necessary there- 
fore, that a good deal of 
new matter should be 
added to the work in 
order to make it thor- 
oughly up-to-date, and 
with this object in view 
some 200 pages have 
been added. On ac- 
count of the increased 
size of the work. It has 
been necessary to divide 
it into two volumes, 
handsomely bound In 
buckram. 



A Complete Electrical Library. 

By PROF. T. O'CONOR SLOANE. 

An inexpensive library 
of the best books on 
Electricity. Put up in a 
neat folding box, as 
shown in cut. For the 
student, the amateur, the 
workshop, the electrical 
engineer, schools and 
colleges. Comprising five 
books, ds follows : 

Arithmetic of Electricity 
138 pages, . . . tt.OO 

Klectric Toy Making, 140 
pages *1.00 

How to Become a Suc- 
cessful Electrician, 189 
pages, $1.00 

Standard Electrical Dic- 
tionary, 682 pages, f.3.00 

Electricity Simplified, 158 five volumes, 1JS00 page* 

pages ft,00 and truer USO illustrations. 

A valuable and indispensable addition to every library. 
Our Great Special Offer.— We will send prepaid 

the above five volumes, handsomely bound in blue cloth 

with silver lettering, and Inclosed In a neat folding box. 

as shown inthe illustration, at the Special Reduced 

Price of 85.00 for the complete set. The regular 

price of the five volumes is 17.00. 

W Full descriptive circulars of above books will be mailed 
fret upon application. 

MUNN & CO., Publishers, 

361 BROADWAY NEW YORK. 




NEW BOOKS, ETC. 

Sixth Annual Report of the Forest, 
Fish and Game Commission. Albany, 
New York. 1900. Pp. 532, 8vo. 

This Sixth Annual Report has been most 
elaborately prepared. We have rarely seen in 
any work of the same character bo many illus- 
trations so well selected and so well executed. 
The color Illustrations have been particularly 
tastefully designed and printed. 

Twenty-Second Annual Report of the 
New Jersey State Agricultural 
Station and The Fourteenth An- 
nual Report of the New Jersey 
Agricultural Collegk Experiment 
Station for the Year Ending Oc- 
tober 31, 1901. Trenton, N. J. 1902. 
8vo. Pp. 587. 

Report of Tests of a Thwaite Power 
Gas Plant at a Textile Factory. 
Thwaite Power Gas Syndicate, 
Westminster, S. W. Pp. 11. 

Report of the Bureau of Mines, 1902. 
Toronto: Printed and Published by 
L. K. Cameron. 1902. Pp. 309. 8vo. 
Four maps. 

An Experimental Study of Field Meth- 
ods which will insure to Stadia 
Measurements Greatly Increased 
Accuracy. By Leonard Sewal Smith 

B. C. E., Madison, Wis. Published 
by the University. 1895. Pp. 101 
145. Price, 35 cents. 

Annals of the Astronomical Observa- 
tory of Harvard College. Vol 
xxxvii. Part II. Observations of 
Fifty-eight Variable Stars of Long 
Period During the Years 1890-1901. 
Prepared for publication by Oliver 

C. Wendell, assistant professor of 
astronomy, under the direction of 
Edward C. Pickering, Director of the 
Observatory. Cambridge, Mass. : 
Published by the Observatory. 1902. 
Pp. 149-281. 

The Neglected Side of Trade-Unionism — 
The Boycott. By Walter Gordon 
Merritt. Pp. 11. 

Studies from the Yale Psychological 
Laboratory. Edited bv Edward W. 
Scripture, Ph.D. Vol. X. Yale Uni- 
versity, New Haven, Conn. 1902. Pp. 
117. Plates. 

The Profitable Utilization ok Power 
from Blast-Furnace Gases. By B. 
H. Thwaite, Assoc. M. I. C. E., F. C. 
S., London: Published at the offices 
of the Institution. 1901. 8vo. Pp. 
48. 

Compilacion de Leyes, Deirktos. Reg- 

LAMENTOS INFORMEH Y ReSOI.UI'IONES. 

Concernientes a la Instruccion Pri- 
maria y Normal en la Republica Ar- 
gentina. For Los Vocales del Conse- 
jo Nacional de Educacion. Dr. Ra- 
fael Ruiz de los Llanos, Lidoro J. 
Avellaneda, y Dr. Ponciano Vivanco. 
Buenos Aires. 1902. Pp. 718. Plates. 
A Nebulo-Meteoric Hypothesis of Crea- 
tion. By Herbert W. Pearson, revised j 
and edited by William F. Phelps, M. j 
A. Duluth, Minn. 1902. Pp. 38. J 

LE PROTOPLASMA DE Mf.TAl'ilOMI'HATK DE 

Chaux. A. L. Herrera, M. S. A. Mex- 
ico. 1902. Imprimerie du Gouverne- 
ment Federal. Pp. 201-213. 
The Maryland Constitution ok 1851. By 
James Warner Harry. Baltimore, 
Md.: The Johns Hopkins Press. 
1902. Pp. 86. 

Trust Companies in the United States. 
By George Cator. Baltimore, Md.: 
The Johns Hopkins Press. 1902. Pp. 
113. 

International Catalogue of Scientific 
Literature. First Annual Issue. D. 
Chemistry. Part I. London. 1902. 
8vo. Pp. 718. 

Botany. International Catalogue of 
Scientific Literature. First annual 
issue. Published for the Interna- 
tional Council by the Royal Society 
of London. London: Harrison and 
Sons. 1902. Pp. xiv-378. 

Industrial Conciliation. Report of the 
Proceedings of the Conference held 
under the auspices of the National 
Civic Federation. At the rooms of 
the Board of Trade and Transporta- 
tion in New York. G. P. Putnam's 
Sons, New York and London. 1901. 
12mo. Pp. xiii-278. 

Modern Iron Foundry Practice. Part L. 
Foundry Equipment, Materials Used, 
and Processes Followed. By Geo. R. 
Bale. With numerous illustrations. 
London. 1902. 16mo. Pp. 387. 
Price, $2. 

The Treatment of Steel. Crucible Steel 
Company of America. Pittsburg, 
Pa. 1902. 16mo. Pp. 156. 

Thwaite-Gardner Blast Furnace Power 
System. Vol. I. Published by The 
Blast-Furnace Power Syndicate, Lon- 
don. Pp. 30. 

Heating and Vkntii.ating Buildings. A 
Manual for Heating Engineers and 
Architects. By Rolla C. Carpenter, 
(Continued on page W°.) 



LUCAS' QUESTIONS AND ANSWERS 



FOR MARINE ENGINEERS 

JUST PUBLISHED 

A complete practical handbook for en- 
gineers and firemen, containing 807 ques- 
tions fully answered and explained ; 300 
illustrations and diagrams with 12 large 
folders; 1,000 Index references: hand- 
somely bound; size 5x7^x1^; weight 24 

THEO. AVDEL & CO. 




OF ALL GRADES 

ounces. The most complete treatise ever 
published. 

PRICE TWO DOLLARS 

to any address in the world. Money re- 
funded if not satisfactory. Send for free 
booklet of sample questions. 

63 Fifth Ave., New York City 



....TO THE TR.ADE.... 

Our Double Dour furoote 

For WOOD or HARD and SOFT COAL. 

THE most popular and practical 
x article of its kind on Die mar- 
ket. The double doors will ac- 
commodate large pieces of soft 
coal an well as wood. The flre- 
pot is lined with genuine tire clay 
tiling, which we guarantee for 
five years. The radiation sur- 
face 111 proportion to the grate 
area iB unusually large. cyOver 
0,000 Front Rank Furnaces 
In use in St. Louis alone ! ! _^J 
Write for Catalogue. 

FRONT RANK STEEL FURNACE CO.. 

Manufacturers of FRONT RANK FURNACES, 

Office and Factory, 2301-9 Lucas Av., St. Louis. Mo. 





Big Money 



is paid at Christinas time for 
3 Artistic Novelties. Learn 
fl Pyrography (Burnt Wood 
Etching) and you can make 
the handsomest, best sell- 
] ing articles that will be of- 
fered. With our PANOK 
OUTFIT, Pyrography is easily and quickly learned. 
It is the latest and most popular decorative art, and 
we give complete lessons and instructions with each 
outfit. Our PANOK OUTFIT makes the most use- 
ful, instructive, money making present you could 
give. Write for full details 
F. F. RICK & CO.. 519 riain Street, Buffalo, N. Y. 




•HAS I 

NO 
FOR 

Hoisting 0811 
3/?0jDEm/r&BASC0M/fOPEC0. 

STLOCJ/S.MO 





"D.%J." 
HANGERS 



are 
Absolutely the BEST. 

WHY? 

They are Mechanically Correct, 

Accurately Ground, Lightest, Nearest Dust 
and Water-Proof, Neatest In up pea ranee, 
and they are used by the best Manufacturers 
and riil'tleii by the bent Professionals and 
Amateurs of America, 
Park City Mfg*. Co.. Inc.. Chicago. 



MATCH FACTORY.— DESCRIPTION 

of an English factory. Scientific American Sup- 
plement 1113. Price 10 cents. For sale by Muun & 
Co. and all newsdealers. 



YOU ARE EASY 

If you need a carpenter to help you repair your roof with 
Warren's Natural Asphalt Stone Surfaced Roofing 

Ha. 5 Inch The best and most ser- 




MADE $ 1 05 THE FIRST MONTH 

k writes FRED. BLODGETT, of N. Y. J. L. 
JBABR1CK, of La., write. : "Am making 
"".00 to (8.00 every day I work." MRS. L. 
M. ANDERSON, of Iowa, writes: "I 
k made $3.8(1 to S6.G0 a day'' Hundred, 
.doing likewise. So can yon. 
j J5.00 to $ 10.00 daily made pla- 
iting jewelry, tableware, bicy- 
' Gles, metal goods with gold, sil- 
i ver, nickel , etc. Enormous de* 
smand. We teaoh Tin FBFf 
u Write — offer free. I nCatl 

IB. BRIT * CO., Platlag Work,, A Mini Bldg., ChuUaatLOi 




M 



PQULTHT 96 cents per year. 4 month? 
trial 10 cents. Sample free. 84-page practical 
poultry book free to yearly subscribera. 
Book alone 10 cent*. Vmtaloiwt) of pooltn 
ibookafreo. Povltry Advocate, 8jiMwi*li.Y< 



lapedge. vlceable prepared rooting 
<m the market, ft is dur- 
able, fireproof, and does 
not require painting. 

Comes ready to lay in 
rolls containing 108 sq. ft. 

Warren Chemical & Mfg. Co., 1 72 Broadway, New York 
THE HIGHEST EFFICIENCY 

is guaranteed in every 
one of the smooth- 
running 

bRENNAN 
GASOLINE MOTORS 
wb ich are made on the 
latest approved pat- 
tern and are safe, sure 
and quick to start. 
Free from vibration, 
economical in fuel, and of great durability. Fourcycle 
*e. Two distinct tvpee, horizontal and vertical. 
NAN MF«. CO., Syracuse. N.Y.,U.S.A. 




4 to 



II. P. 



Erinciple. 
IREN\ 



ARMATURE CORES 



BUILT TO SPECIFICATION 

The Machining of Dynamo an d Motor 
Parte a Specialty 

BRONSON & DAVIS 

BLUE ISLAND. ILL. 



COLO GALVANIZING 



Save all the Spelter consumed in pulvanizinu by the hot proren 
hv usiiiir <>tir I'.-itent <'ril<i (iulvuiiiziiiu Prm-eas, ax theamount of spelter 
lest :is tlnfrix in the hot process if used in our ]irur*riH will jrive mifnrfent 
protectiun Ik any kind of work tn make it rust -proof even against salt 
air ami sea water. Our Pateot Proves* to now in use all over the country. Our licensees hii-hide I". S. Government* The Standard OH 
Co., HcrrPKhoff Boat Building: Co.. Toniiweiid A- Downey, .\riiionr I*iu*Miik Co. Litenses granted on royalty basis. 
Suinpltj and fiistom work done at our factory, Hw-llii W. 11th St> Main Ditto, K4» Hmatlway. I . S, K]M£CTJCO-<-AL\ ANIZIXti CO. 



Battery Table Lamp, $3.00 




•2.00 

i .95 

t i .30 

. i .25 



Battery Hanging Lamp $10.00 
Telephone, complete, 

82.50 and 5.95 

Electric Door Bells . . .30 

Electric Carriage Lam pa, 5.00 

Electric Hunii Lanterns oj.nn 
CS.UU Medical Batteries 
912.011 Belt with Suspensory 

Telegraph Outfits . . 2.25 
Battery Motors $1.00 to 12.00 

Bicycle Klectric Lights . 2.0O 

Electric Railway . . 3.50 

Pocket Flash Lights 1.50 

Nectie Lights 75c. to 3.00 

S«1ill for frtw tn.ik. tlesi-HWs anil Illus- 
trates many "f Hit- mint! useful elt-itrii- de- 
vices, at wnntlerfully small ]irires. All 
prtntiia]. The lowest in the ivnrl.l on 
ei'ervthiii|releetrii-:il. Agents inn make 
hanilsini ie lamimissloiis ami inaiiv sales. 
Write furi-miipli-te iiiinriuiithni. 

Ohio Electric Works, 

Cleveland, O. 




ARTESIAN 



WireCloth, WireLath, 



ElectricaJly- Welded 



Wire Fabrics 



e.nd Perforated Metal ftrSfi 

Manufactured by 

CLINTON WIRE CLOTH COMPANY, CLINTON, MASS. 



Boston Nkw Vokk Chicai. 



San KuANtiscn 




GAS ENGINE 
IGNITERS 

for Marine. Stationary and 
Automobile engines. Will 
save then- cost many times 
over in one year. 

Write for circulars. 
The Carlisle & Finch Co.. 

tXi K. riifton Ave, Cincinnati, O 



Wells, Oil and Gas Wellsdrtlled 
by contract to any depth from 50 
to 3000 feet.. We also manufac- 
ture and furnish ev.?rythinff re- 
quired to drill and complete 
same. Portable Horse Power 
and Mounted Steam Drilling 
Machines for 100 to 1200 feet. 
Write us stating exactly what 
is required and send for illus- 

trated catalogue. Address 

PIERCE WELL ENGINEERING AND SUPPLY CO. 
136 Liberty/ Street. New Yui.k. U.S. A. 



COMBINATION LATHE 
TOOL HOLDER 




Three Tools in one 
Cost less than price 
of one 

The H0GGS0N & PETTIS CO., New Haven, Conn., U.S.A. 



Cbe typewriter exchange 

\Yi Barclay St.. NEW YORK 
124 La Salle St.. CHICAGO 
38 Bromfleld St., BOSTON 
8 1 7 Wyandotte St.. 

KANSAS CITY, M0. 
209 North 9th St.. 

ST. LOUIS, M0. 
536 California St., 

SAN FRANCISCO. CAL. 
We will save you from 10 
to SOX on Typewriters Of all makes. Send for Catalogue 




PRACTICAL 

GAS 

ENGINEER 

8ECON1) 

EDITION 

JUST OUT 



A book of 150 iio^es, bound ia 
cloth. A practical treattee on 
Gasoline Englnee and 
Motors, llynumo and 

Miia*iieto Ijfnltton 

Their troubles ami remedies. 

How to handle them. 

Price $1 

Address E.W. L« tNOAN kckkb.MJ). 
Author and Publisher, 
Anderson, Ind., U.S.A. 




I will Shin to any Station in the United States for 

THE CELEBRATED 



WILLARD STEEL RANGE 



It has six 8-Inch lids; 15-sallon reservoir; large warmlne closet; oven 21 ins. deep. IT Ins. 
wide, 12 ins. hlub ; top cooking surface. .SOxiKi Ins.; lined throughout with Asbestos: Dupilex 
zrate; burns wood or coal. Guaranteed in every repect ; weighs 400 lbs. Write for free 
descriptive circular and testimonials. AGENTS WANTED. 




WM. G. WILLARD, Dept. 112, 



619-21 N. 4th Street, St. Louit, Mo. 
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If You Shoot 




You should have a 
copy, it wiil tell you 
what i>uw<le> is best 
atiupteil to the ditter- 
t'rent euiibres, al?o 
the twist of all the 
various rifles, and the 
iiropiT loads of 
It Mill and LOW 

InL'ssure pmvdt'i-s, for 
-L.>. PJ*STUJ,S 
linn HllOTtJrXtf, and 
much otliel* useful informa- 
tio.i. 14(J imgee. 
Send 3 two-cent stamps to 
IDEAL iUFG. CO., 
26 U SI., 
New Haven* Conn. 



AttKXT* WAXTKU. 

PREMIER Broadcast 

SEED SOWER 

The strongest, neatest and 
most efficient hand seed sow- 
er made. The Premier will 
sow anv seed that Is sown 
broadcast- Every farmer 
should own one. We 

will allow agents a lib* 

eral commission. Sena p06«u - 
ticulars. F. CHKlSTEX & BOMB. 
Mil 1 11 and I Pock St»., St. Louts, Mo, 




F*. BARNES- 
ELEVEN-INCH 




SCREW 
CUTTING LATHE 

For foot or power as 
wanted. Has power 
wt >ss feed an d com- 
iiind rest. A strictly 
)igh prude, modern 
tool. Ask us for print- 
ed matter. 

B. F. BARNES 
COMPANY, 

Rockford. III. 

If You Want the Best Lathe and Drill 

CHUCKS 

BUY 

WESTCOTT'S , 
Strongest 1 
.Grip, Great - 
■ est Capacity ' 
ami Durabil- 
ity, Cheap and Accurate. 

Weatcott Chuck Co., Oueiila, N. Y,. _ 
Ask for catalogue in Ewilinh, French. Spanish or German* 
First Prize at Columbian exposition, 1893. 

a desirable holiday gtft 

DRAPER'S 

Recording Thermometer 

Traces automatically a correct and 
Continuous ret-on I in Ink of the tem- 
perature on a graduated weekly chart. 
Standardized ami fully guaranteed. 
Also other recording weather instru- 
, ments. 

THE DRAPER MFG. CO. 

152 Front St., New York 






€6ff TANDEM Gas Engine 

For Gam or GaMollne 

10, IS. SO. 2S and 5" II. P. sizes In stock at 
tannin prices. Stationary use only. 

Northern Engineering Works, 

641 At water St., Detroit, Mich. 





I PRINT MY OWN CARDS 



Circulars. news|)ai>er. PreBS, 85,. 
Larger size. 81S.00. Money saver. 
Big pi cfits printing for others. 
Type settiim easy, rules sent. Write 
for i-atalog, presses, type, paper, etc., to 
factory, The Press Co., Meriden.Conn. 



ARE YOU TROUBLED WITH 

Weak Back 

J-J AVE you those constant 
dull pains which trouble 
the majority of business and 
laboring men of today? 

Our Appliances 

will cure you, and 
all who have used 
them say that 
they are the 

Best Supports 

earth ! They are 

Light. Comfortable and 

Convenient, afford per- 
fect freedom of movement 
and will not interfere with 
your work. 

' We make Appliances 
lor all forms of Spinal Deformity and Weakness. 

Write for illustrated catalogue and book of testi- 
mony. It will interest and convince. 
PHILO BURT MFG. CO., 171 THIRD ST. 
Jamestown, N. Y., U. S. A. 




M.S., C.E., M.M.B. New York: John 
Wiley & Sons. London: Chapman 
& Hall, Ltd. 1902. 8vo. Pp. XV 
562; 227 figures. Price $4. 
Since the appearance of the nrst edition of 
this book in 18!i."i, the advances made in the 
art of heating and ventilation have been such 
that a thorough revision was found necessary. 
Three chapters have been added, one relating 
to the fan or blower, and another to the gen- 
eral subject, of mechanical systems of heating 
and ventilating, and a third to schoolhouse 
heating and ventilating. Tile book probably 
describes the latest Improvements in both 
heating and ventilating. Particularly meri- 
torious features are the directions for the 
construction and installation of the various 
systems now in use. 

The Manual ob- Bisixkss. By Sidney P. 

Johnston. Chicago: Daniel Stern. 

1902. Pp. 263. 12mo. Price $3.50. 
In the main this book presents a mass of 
business information that is not usually in- 
cluded in the commercial writer and business 
handbook with which most of us are familiar. 
The book is not very well printed and has 
been carefully proofread. 

An Introduction- to Celestial Me- 
chanics. By F. R. Moulton, Ph.D. 
New York: The Macmillan Com- 
pany. London: Macmillan & Co.. 
Ltd. 1902. Pp. xv, 384. Price $3.50. 
»r. Moulton has prepared an admirable text 
book on a subject which most college stu- 
dents find peculiarly difficult. All problems 
are stated in advance and where the transfor- 
mations are long an outline of the steps which 
are to be made Is given. The volume is the 
outgrowth of a course of lectures given an- 
nually In the I'niveisity of Chicago. Not the 
least valuable portion of the book is an in- 
troduction to the problem of three bodies. 



INDEX OF INVENTIONS 

For which Letters Patent of the 

United States were Issued 

for the Week Ending 

December 2, 1902, 

AND EACH BEARING THAT DATE. 
[See note at end of list about copies ot these patents.] 



715,142 
714, 7U0 



715,1.VJ 
71 ■*>,«!>» 
7I4..S2U 

715.IISS 
715,05:; 
714.7UO 
714,1)5:1 
715,027 
714.S0U 

714,721 
715,101 




WHAT 

IS 



Schapirograph 



ICATIK Ihat cleanly liulti- 
rilten ivilh junior typewriter, alsn 



poult. THE .- 



Til K IU'11 

tliin.- 

ijfinal jrivt's 13't fogies 
III.AC'K Ink ill l.'.lilimitts. AVOIIIgl sleurfl, 
wtiKhilltf. ilulavs. mill rxlienitive *u|i|,lieH. I'rlrr. 
im.ii.l.-l.-, raiUi-.. nnllit. «S.OO. L:i«l» years. 
S,-i,l ..11S IIAVs' F KEET HI AI.wiilimit.il.- 
A. SCUAl'lKOURArlt CO., i'C5 Broa.lwav, JSew York 



NOTICE! 

to Scientists, Mechanics and Alt Thtnklnr 
IVunle. VOC will be highly interested in a new 
invention just patented. An absolutely new prin- 
ciple in developing intense rotury motion, wliirh 
is beiiitf applied to the Greatest and most Fasci- 
nating Novelty In the world to-day. A Recti- 
lap Scientific Paradox. For extensively Illus- 
trated descriptive matter of tliis "MECHANI- 
CAL WIZARD" address 

WIZARD NOVELTY COMPANY, 
1845 Cherry St., Philadelphia, Pa., C. 8. A. 



D. L. HOLD5N 
REAL ESTATE TRUST B'LD'G,PHILA.,RA. 

P-.JCLE MANUFACTURER . _ _ , , . _. . . . . _ _ 

Regealed ICE MACHINES 



Acid, manufacturing sulfuric, N. I*. Pratt. 

Aililri'ssing luurhllli', S. Klliutt 714,7811, 

Advertising, etc., apparatus fur, Wuts.in &. 

Kiwi 1 

Advertising apparatus, illiiiullnitid, \V. 

Schi'll, Jr 

Agricultural food, I>. I.uliin 

Airbrake, B. W. Smith 

Air brakes, quick action automatic release 

mechanism for, L. Kriuimclbcin 

Alai-iu lock, J. llraliet* 

Annunciator drop, electric, E. U. Tin. mas.. 

Applicator, \V. E. Itubinsiiu 

Apron, storm, J. C. Crimins 

Arbor press, R 11. Culvili 

Aruiatuiv winding for electric motors or 

dynamos, It. Luiidell 

Italiuitting device, .1. X. Schumacher 

Hull. See 1'laj ing ball. 

Hand cutter and feeder unverimr, M. \V. 

Miller 714,«:i2 

Bandage or truss, hernial, V. Unieelil 710, ulu 

Basket, canvas, .Morris & .Staples 715,110 

Bathing apparatus, II. (i. Italclieliler 714,(15!) 

Batteries, manufacture of H|iuug.v lead plates 

for secondary, Butler & May 715,010. 

Bearing, I'. II. Ulchards 714,11511 

Bearing, ball, II. Austin 714, S52 

Bearing, center, <J. I. King 715,085 

Bearing, collet thrust, U. M. \V. Hanson.. 714,8!lli 

Bearing, roller, A. f. stllsoii 715,171 

Bearings, apparatUH for hardening tile cups 

and cones of ball, ('. II. Chapman 714,1170 

Bed, sofa, A. 11. Mi rs 715.111 

Bedstead hook and lock, iron, V. K. Newell 714,7:1:1 
Bedsteads in* bed friuues, construction of, 

('. S. I.loyd 714.lr.i4 

Beer cooler, K. Iliert 714.7o:l 

Belt and roller press, L. B. Kbeliy 714,070 

Belt tightener for water regulating devices, 

A. C. Mather 415.105 

Bicycle support, I.. I. Jones 715,082 

. Biscuit cutting machines, automatic cut-off 

for, \V. Jones 715,205 

i Bit brace mid chain and bench drill, eoiu- 

I billed. S. Mcl'lellnli... 714,o:l!l 

Block system, electric, l:. M. North 714.7.14 

Bout. I. II. I.arr 714.805 

.Boiler. J. C. t'ooke 714,781, 714,78:!, 714.784 

Boiler tube leak stopper, ('. s. Clark 714,071 

Boiler water gage, A. l'aiiie 715,1:1:1 

Bolting machine, c. \\\ Ilollemler 715,072 

Bonk, conjliilied hank ileposit and coiiihiii, 

T. Kuehn 714,020 

i Iti« ik or Hie. hill collecting. <!. J. Schwartj... 715,102 

I Bout or shoe cleaning iniiehine. o. Muller. 715.118 

Bottle. W. A. Swanson 714,008 

i Bottle, J. V. llasoii 715,111.!, 715,104 

Hurtle cleaning machine, A. A. I'lndstofte. . 714,7:i9 

| Bottle closure, <i. J. Adams 714,001 

I Buttle lining machine, J. Ramsey 714,74:1 

■ Bottle, iioii-rt'tillnble, C. S. Alz 714,05(1 

Bottle -reailahle, W. I". Thoinpson 714,074 

Bottle protector. .1. M. & II. Rajnor 714,049 

Bottles, etc., call or stopper for, I.. (Jrote.. 714,802 

Bottles, pouring spout for. V. M. I.uuehurg. 715,100 

Bowling alley, R. I". Downey 715,2(12 

Bowling alley backstop, I). II. Talhcrt . . . . 714,1170 

Howling alley pin stop, P. J. Riddell 715,215 

Howling game, A. Jeisi 714,011 

Box. See Collapsible box. 

Box opener, I,. McMullan 714,810 

Braiding machine, \V. F. Poiesz 714,040 

Brake. II. I,. Sella finer 715,157 

Brake, W. A. Crowdus 715,231 

Brake apparatus. ('. M. Carnaiian 714.770 

Brake mechanism, R. B. Hiiln 715,060 

Brake releaser, E. N. Halstead 714,706 

Bread slicer, C. I>. Spates 715,168 

Brick drying shod. I). 31. Warner 715,185 

Bricks, etc., apparatus for making sand, I,. 

T. I t 714,807 

Bridle. II. II. Poo 714.045 

Brooder, chicken, C. K. Adair 714,654 

Brush, fountain. (!. I). Meniherv 714.814 

Brush holder. W. I). Litchfield 714,811 

Brush, scrubbing. B. Reiiseh ,. 715,140 

Brush, shoe polish applying. ('. Platner 715,140 

Bucket dumping apparatus, W. R. Wilcox.. 715,228 

Buckle. J. S. Sourek 714,828 

Building coisiriictioii. W. II. Drake 714,870 

Bushing. J. A. Bonigien 715,006 

Butter cutting ninclilne. S. E. Perkins 714.043 

Button, collar. B. Murphy T14.IKIT 

Button, furniture, W. K. Bennett 714,660 

Buttons, etc., out of nacre, etc., machine for 

cutting, Mussou & Fortin 714.727 

Cage, C. A. Anderson 714,657 

■ Camera, C. K. J. Niss 715,125 

Can, C. A. Doolilllo 715,08? 



As Time is the stuff Life's 
made of, take it from ah 

Elgin Watch 

the timekeeper of a lifetime — the world's 
standard pocket timepiece. Sold every- 
where; fully guaranteed. Booklet free. 

ELGIN NATIONAL WATCH CO., 
Elgin, Illinois. 



Howard Two and Four Cycle 

...-.,. .«...*. MARINE 

AUTOMOBILE 
MOTORS 

Write for Cat. 
Grant Ferris Co. 

Troy, N. Y. 




f 5 2 o 5 o°pe-- MONOPLEX TELEPHONE 



Only two wires are needed between the 
Instruments. Perfect, talking. Perfect 
ringing. Perfect in evory way. Abso- 
lutely guaranteed on distances up to 
1,000 ft. Our transmitters are very clear 
In tone and we use the best grade of 
granular carbon. Full directions sent 
with each Instrument. 

ATWATKK KENT MFG. WORKS, 

110 V «th St., Philadelphia, Pa. 



e 




MECHANICALiLiY TRUE. 

Our machinery for correctly shaping and 
spacing the teeth of all binds of gear is as- 
suring work that is mechanically perfect. 
Cost much less than on the old principle. 
Send for free booklet. Buffalo Geah & 
PATTERN WORKS. Buffalo, N. Y. 




POTTER'S "SPRING" BRAKE BLOCKS. 

Adapts the whole length of shoe to wheel 
under all circumstances. Does not squeak, 
rattle, Jump, or freezeup. Will hold rubber 
wear shoes without bolts or Bcrews. Special 
Concave Shoes for Rubber Tire. Morgan 
Potter, Kishkill-on-Hudson, N. Y., U. S. A 



"CUSHMAN" 

CHUCKS 

All styles and sizes. 
Send /or Catalogut . 

THE CUSHMAN CHUCK CO.. 
189 Allyn St.. Hartford, Conn. 





THE HOPPES 

Feed-Water Heater 

Heats and Purifies Water 

and Removes Oil 

and Cirease. 

Bend for new catalog of Heat- 
ers, Purifiers and Separators 

HOPPES MFG. CO. 
25 Larch St., Springfield, 0. 



THE BEST MANUFACTURING CO.'S 



New Combined Steam Harvester 



They will harvest, on an average, 1,000 sacks of grain or 65 to 100 acres, cot, 
threshed, recleaned and put in sacks in one day and at a cost not to exceed 
fifty cents per acre actual outlay of cash. We guarantee those harvesters to 
do what we claim when Intelligently and energetically operated. 

400 in successful use. 
Will do the work of 100 men and 
SO horses. I 




For hillside or valley 
lands. 

Awarded first premium 

at California State 

Fair. 




Dimensions as follows: Width of Separator, 54 inches ; Cylinder, 37 inches; 



Best's Traction Engine, rs 



Header, 2b feet cut. 

tW Send lor descriptive circular. 

The Monarch 




Best's Traction Engine pulling sixteen 10-Inch Plows, four 6-foot Harrows and a Havana Press Drill. 

A revolution in plowing. Coat of plowing reduced to a minimum. From 35 to 70 acres plowed, 

harrowed and seeded each duy and at half the cost of animal power. 100 of these engines at work now. With a 

75-foot harrow 100 to 125 acres harrowed each day at a speed of 3 miles an hour, doing the work much better 

thanhorseB. PLOWING BY SUN-LIGHT BY DAY, AND HEAD-LIGHT BY NIGHT. 



Gold Medal awarded by the State Agricultural Society at Sacramento and bv California Midwinter Fair. 

— "-1/M - ■ ■■ 



tW Send for descriptive circular and price list. 



STEAM FREIGHTING 



Capacity of Engine, 60 H. P. Capacity ot Wagons, 16 
Tons each, or total freight carrying capacity of train 50 
tons. Also make wagons with capacity of 10 and 12 tons. 

Engine and wagons are especially designed for Steam 
Freighting, Log- 
ging and Plow- 
ing. 



TRAIN. 




"The Daniel Best" 1 1 0-Horse Power Engine »' 1L ■"■ — " ■» «"»»" 

The most Powerful and only Successful and Practicable Road Engine In the world. 100 of them In use on this 
t ast i 5?K ed n hre l u'n 8 per h . 0,, .E• The 7 are being Successfully and Profitably Employed In Hauling 
Logs, Lumber, Ore, Salt, Borax and other kinds of freight. The work is being done FIFTY PER CENT 
Cheaper than It Is possible to do with Animal Power. They can be operated over any ordinary road where It Is 
practicable to am mules or horses, doing the same work. They can ascend grades as much as lfW to 20* hauling 
theirloadsof 36 to 40 tons, depending npon the condition of the roads; loads may be Increased to even greater 
amount on a firm and moderately level rpad. Send for Descriptive Circulars and Price List of Bnaints and Wagons. 

OuT«i. T^X^nJ^^^^^dT^li. ?| t o^wSnd°d^ n,,U ^ UI ' FteAoi 

THE BEST MANUFACTURING. CO., San Leandro, Cal., U.S.A. 



) 1902 SCIENTIFIC AMERICAN, INC. 



December 13, 1902. 



Scientific American 



43 1 



Langbein'* Splendid Book on tbe Electro- 
Deposition of .Uetala. 

Tile Best on tli> Subject in the Ltmquaqe. 

FOURTH REVISED AXD ENLARGED EDITION. 

■RECENTLY 11902) PUBLISHED. 

A COMPLETE TREATISE ON 

The Electro-Deposition of Metals. 

Comprising Electro-l'laiine and Oalvanoplastic Opera- 
tions, the Deposition ot Metals by tbe Contact and Im- 
iiiersion Processes, the Coloring of Metals, the Methods 
of Grinding and Polishing, as well as Descriptions of the 
TClectric Elements. Dynamo-Electric Machines, Ther- 
mopiles, and the Materials and Processes used in every 
Department of the Art. From the German ot Dr. 
George Lancbein. With additions by William T. 
Brannt, editor of "The Techno-Chemical Receipt 
Book." Fourth edition, thoroughly revised and much 
enlarged. Illustrated by 1611 engravings, 8vo. 590 pages. 

Price %l£f),free of postage to any address in the world; or 

Byexpress C. O. D. to any address in the United States, 
free of freight. $4.00. 

%WA circular of pages quarto, giving the full Table of 
Contents of this splendid book, with specimens of the illus- 
trations, trill be sent free of itostaa: to an y one in any part 
of the world who will furnish us with his address. 

HENRY CAREY BAIRD & CO., 

INIJIT8THIAL PUBLISH Kit g.R<>OKBELLtiKB& IMPORTERS, 

810 Walnut St., Philadelphia, Pa., U. 8. A. 



ELECTRICAL ENGINEERING 
TAUGHT BY MAIL. 

Write for our Free Illustrated Book. 

« CAN I BECOME AN ELEC- 
TRICAL ENGINEER?" 

We teach Electrical Engineering, Ele'ttlv Lighting, 
Electric Railways, Mechanical Ensjiiieenn?, Steam Engi- 
neering, Mechanical Drawing, at your himie by mail. 
Institute indorsed bv Thos. A. Edismi ami mhers. 
ELECTRIC Al/ENGlXEKIt INSTITUTE, 
I'ept. A, S 40-242 H . SSd r>t. New York. 

LEARN PROOFREADING. 

If you possess a fair education, why not utilize it at a genteel 
and uncrowded profession paying $15 to $:<5 weekly? Situations 
always obtainable. We are the original instructors by mail. 
HOME CORRESPONDENCE SCHOOL, Philadelphia 





Magazine 
Money ^ 

Any magazine or periodical In America, 
or any combination or club, at lowest 

E rices— much lower maybe than you 
elleve possible. 

Let Vs Send You Our New Co. to. log 

telling all about 8,000 publications and 
clubbing offers, and how our system saves 
you subscription money. 
We have one of the largest subscription 
agencies in the world, and are known 
everywhere Your address on a postal 
secures tbe facts. 

GREAT PRIZE OFFER TO AGENTS 

Write for particulars. 

J. M.Hanson's Magazine Agency 

lii'2 Hanson Block, 

LEXINGTON, KY. 



n '"look 

54 CATALOGUE 



CATALOGUE N?il 



Send For It To Day 

You'll find It always convenient to 
] hare as a useful and instructive book 

Montgomery & Co.'s Tool Catalogue 
The new edition has 704 pages and Is 
copiously Illustrated. Pocket size 6^x 
4% ins. Sent by mail for 2ftc. 

MONTGOMERY A CO., 
105 Fulton St., New York City. 



I OIL--SMELTER--MINES % 

<|S Dividend-Paying Mining, Oil &nd * 
(b Smelter Stocks. Listed B.nd \l> 

(A Unlisted, our Specialty. W 

DOUGLAS, LACEY& CO. | 

Bankers & Brokers* Fiscal A tents, 5K 
Members N. Y. Consolidated Stock Exchange, aa 
66 BROADWAY & 17 NEW ST.. NEW YORK. * 

Booklets giving our successf ul plan for realising the large w 

Interest and profits of lejritlirutH _ mining, oil and W 

smelter investments, sub. blanks, full particulars, eh-., aent yfy 

free on application. n\ 



LIGHT 



■ The "Best" Light 

Brighter than Electricity or Acetylene 

and Cheaper than Kerosene 
Makes and burns Its own gas. It is port- 

nable. Requires no pipes, 
wires or gas machine. A 
_ safe, puro white, power- 
ful steady light. lOOean- 
J '~ power coat* 2 cents for 
fifteen hoars. Permitted 
by Fire Insurance 
Underwriters. No 
wicks to trim, 
no smoke or 
' smell. Saving effected 
by its use quickly pays 
, .for it. Over 100 styles for 
indoor and outdoor use. 
This is the Pioneer Incan- 

descent Vapor Gas Lamp, 

It is perfect. Beware of imitations. 

agents wanted everywhere. Every lamp 

warranted. TUB BEST light CO.. 

g* East Fifth Street, Canton, Ohio. 



LIGHT 




Cun, L. C. Sharp 

Cur brake lever, \V. C Keithly 

Car brake, slipper, Hewitt & Rhodes 

Cur coupling, J. A. Hlnson 

Cur Coupling, A. D. Nichols 

Cur draft rigging, railway, \V. C. Mclntitv. 

Cm d sill, R. II. Hornbiiuik 

Car fender, II. C. Ittel- 

Car fender, automatic, II. V. Ruiincy 

Cur, freight, H. A. Turner 

('ill- friction draft- gear, railway, T. I,. 

McKeen 

Car grain door, D. & J. A. James 

Car seat locking device, M. Weber 

Car spring, T. A. Shea 

Car track brake, electric, O. Keen 

Car wheel, E. T. Wires 

Car wheel, plate metal, II. F. Tuiuiii 

Carpet beater, F. B. Holder 

Carton or package, Carver & S'turtevaiit. . . 
Cash carrier system pressure creating device, 

W. G. Davis 

Cask or bottle tilter, D. K. Campbel' 

Cnsting apparatus, pig iron, K. Orth 

Catamenial appliance, T. Minimi 

Cuttle guard, McMannuma & Ballon 

Cement, apparatus for the manufacture of, 

It. F. Went* 

Cement, manufacturing, R. F. Weiitz 

('hair, C. F. Clingman 

Chair seat and making it, II. B. Morris.... 

Chart, graphic, J. M. Daly 

ClncUer. F. R. Mi'nsv 

Checking apparatus for restaurants or the 

like, A. Nelson 

Chuck operating and feeding device, B. M. 

W. Hanson 

Cigar wrapper cutting machine, J. A. IVc- 

pels 

Cigars, cheroots, etc.. Implement used In the 

manufacture of. C. Milllilser 

Clamping finger. W. I,. R. limine! 

Clay, etc.. apparatus fur sepnmting coarse 

anil fine particles nf, M. W. Phillips... 

Clock, automatic. R. S. Wiesenfelil. 

Clock, electromechanical. S. II. Ilnggson.. 

Clock, watchman's. A. Iluherty 

Cloth cutting iniii'lilne, M. Langinan 

Clothes line, xv. s. Ilai'nilen 

Clothes line supporter, metiilllc. J. B. .Tack- 
sun 

Clothes wringer. M. P. .Tanlsi-li 

Clutch. M. Langmun .. 

Clutch, automatic. J. TV. Kellogg 

Clutch mechanism. J. T. Cjv 

Clutch mechanism. II. Wymun 

Coated chemically active substance and 

making same. F. .T. Smith 

Coating metallic articles, apparatus for, J. 

Hl'onock 

Cock, basin. .1. P. Farley 

Coffin rest. J. I.. Braanoek 

Collapsible box. O. <). Crawford 

Collar, blanks, etc., machine for folding, 01. 

J. DormaiHly 714.7K7. 

Color and making same, indigo, II. S. A. 

Holt 

Colter, plow. A . II. Johnson 

Column Joint. W. II. Fenwlck. .Tr 

Confections, system for heating liquid or 

semi-liquid. F. P. Ziegler 

Connector, (1. XV. Cravens 

Continuous downdraft kiln. W. Radford.... 

Conveyer, C. A. Galtrlelsen 

Conveyer supporting roller. Mann & Neemes 
Cooler. See Beer cooler. 

Coop and nest, combined, P. D. Cullum .... 
Copper and. nickel., electrolytic . separation 

of. p. H. Browne 

Corn -popper, J. R. Winters 

Corn shocker, Benjamin & Pridmore 

Cotton elevator, seed. (1. p. Harris 

Counting machine. Slecman & Africa 

Crate, folding. F. O. Otte 

Crucibles from furnaces, means for lifting, 

D. Laird 

Cultivator, A. C. Baker 

Cultivator. O. W. Toler 

Curb and conduit, combined. F. Lappln 

Current motor. C. CamplK'll 

Current operated receiver for electromag- 
netic waves. R. E. Fossenden 

Currents, rectifier for single or polyphase 

alternating. A. Xodon 

Curtain fixture. XV. Wegner 

Damper regulator, O. F. Patterson 

Damner regulator for hot water heaters, D. 

C. Humphreys 

Dental amalgam, means for producing, 

Shaw & Stevens 

Dental flask. W. Wnogcl 

Dental Instrument. C. P. Wilson 

Dental oven. J. A. McClelland 

Depth and Inclination indicator and recorder. 
H. S. Lathrop 

Despatch system, tubular. Collls & Powell.. 

Detonating device. R. II. Ones 

Digging or cultivating land. Implement for, 
T. C. Darby et al 

Disinfecting apparatus. Davis & Cook 

Display article. A. II. Trlmpi 

Display box. P. A. Becker 

Door closer, check, and holder, C. K. Sulli- 
van 

Draft gear and buffing apparatus, P. Hlen. 

Draft rigging, friction. W. II. Kmerlck 

Drainer, cellar. O. R. Erwln 

Draw ha r rigging, R. W. Fox 

Dredge, hydraulic. I,. XV. Bates 

Drum, friction. T. S. Miller 

Drying apparatus. F. V. L. Iliorth 

Duplicating apparatus, J. W. Jones 

Duplicating device, J. A. Lee 

Dye and making same, monoaxo, n. Krust.. 

Dye and making same, orange yellow axo, 
O. Ernst 

Dyes, making lakes from sulfur, R A. 
P'onrncaiix 

Educational appliance, ('. 10. Whoclimil. . . . 

Ejector, T. S. Smith 

Electric couplings, face plate for, N. Mar- 
shall 

Electric current regulator, J. \Y. Hammond 

Electric machines, carbon holder for dyna- 
mo, C. ZalK'l et al 

Electric meter, hot wire, R. S. Stewart .... 

Electric motor, controlling, M. XV. Day 

Electric motors, controlling, H. W. Buck . . . 

Electrical service wires, overhead conduit 
for, F. C. Locke 

Electromagnetic brake, F. Haher 

Electromagnetic device, J. S. Hodges 

Elevator. See Cotton elevator. 

Elevator housing, door foe pneumatic, <\ 
Bradford 

Embroidering machine pattern mechanism, 

D. Nadel 

End gate banger, wagon, F. M. Sturgfs 

Engines, sparking igniter for explosive, C. 

C. Chamberlain 

Enuresis, appliance for preventing, C. Zim- 
merman 

Evaporating pan, ('. A. Porter 

Exhibition and amusement apparatus, C II. 
Laporte 

Extension table, combination, Fhitlcy & 
Arthur 

Eyeglasses or spectacles, J. E. Brlggs 

Fan, Brock & Barth 

Fare register, Ohmer & Tyler 

Feed lubricator, automatic roller, J. Fanning 

Feed roll, O. A. Ensign 

Fence, wire, II. P. Ewell 

Fifth wheel, A. Cnstafson 

File case, personal account, L. M. Landing. 

Filter, C. P. Simmons 

Filter, oil, A. H. Franke 

Filtration apparatus for municipal or com- 
mercial uses, J. P. Keane 

Fire extinguishing attachment for cotton gin 
plants, M. Swenson 

Fire shield, L. C. Glisson 

Firearm, breech loading, A. II. Fox 

Fireproof ceiling, G. Ruder 

Fish line reel. W. Horton 

Floor covering, J. Sanders 

Floor unit. E. Thacher 

Fly book, W. R. Wheeler 

Fly trap, J. Arnold 



7ir>,uv; 

714,illf> 
714,7!>N 
7H,IStt 
715,124 
71f>,121 
715,075 
714.UIO 
715,15:1 
715,1X1 

714. XI". 
714,705 
714,!l7!) 
714,752 
714,!)1.1 
714,848 
714,7:15 
714.007 
714,608 

714.874 
715.018 
714.S1S 
715.112 
714.040 

714.84.1 
714.842 
714.075 
714.7311 

715,108 
715.ll.1f. 

715,122 

714.805 

714.710 

714.728 
714.881 

715.212 
715.220 
71J.0ll.-i 
714.0M8 
715.002 
714.707 

714.704 
715.U77 
TITi.nfl.'! 
714.010 
714.S-/2 
714.000 

714.000 

714.007 
7 , 4.ll!N4 
714.001 
715,020 

714.788 

715.074 
714.012 
714,880 

715.180 
714.800 
714.742 
714.880 
714.812 

714.871 

714.801 
715.220 
714.000 
714.001 
714.058 
715.112 

714.80V 
714.001 
715.178 
714.710 
714.778 

715.041 

715.120 
714.080 
715.1.16 

714,609 

715.210 
715,182 
714.081 
714.038 

715.005 
714.80-1 
71 5.1. MO 



715.0.10 
714.785 
714.075 
714.855 

715.175 
715.008 
715. II4M 
714.082 
714.08!) 
714.000 
715.111 
715.070 
714.707 
714,800 
714.8X2 

714,881 

714.087 
715,224 
714,061 

715,20!) 
714,80.1 

714.700 
715.170 
714.780 
714.802 

714,718 
715,058 
714,004 



714,817 
715,174 



714,850 
714,740 

714,717 

715,045 
714,004 
715,011 
715,120 
715,042 
715,041 
714,68.1 
715,057 
714.715 
714,050 
715,047 

714,700 

715,210 
714,794 
714,088 
714.948 
715,076 
715,155 
714,972 
714,844 
714,992 




irrar 



FQRALLUSE S, MADE AS R EQUIRED/ 

Harrington & King Perforating CoJ 

2 25 IV. UNION ST.CHrCAGO.ILL. TXS.A. 



FACTORY 

For Sale 

Complete with heat, ljuht and power. Ready for oc- 
cupancy. Ten acres ot limd. Five trunk railroads. 
Suitable for almost any line of work. Beautiful city of 
45,000 inhabitants. For particulars address 



THE SINGER MANUFACTURING 
South Bend, Ind. 



CO., 




The Franklin Model Shop. 

Experimental work for inventors; any- 
thing In metal from a single piece to a 
complete working model. Apparatus for 
colleges. Kxhihition models. Introduc- 
tion samples of patented mtfcles. Spe- 
cial tools for making metal novelties. 
Inventions perfected. Drawings and de- 
signs worked our, from inventors' ideas. 
Send for circular 9. 

PAKSEJjL. Sc weed, 

129-131 West 31st Street, New York. 



PNGINEER'S LICENSE 

L^ Mechanics, Engineers, Firemen, Electricians, Etc. 



' Mechanics, Engineers, Firemen, Electricians, Etc. 
tions asked by Ex- 

SENT FREE. 



40-page pamphlet containing questions asked by Ex- 
amining Board of Engiueers ~'"~~ " "* ™ ~ 

Also send for '.Xi-page catalogue 
tree of charge. 

CEO. A. ZELLER, Publisher 

Room 6oo 18 S. Fourth St., St. Louis, Mo. 



KLIP-KLIP SK 




KLIP-KLIP CO., 563 So. Clinton St. 



Pocket 
Manicure ^< 

Trim*, tili-s.sh:i|>es ami 
clean*, .tixl kef]is the 
luiils in )«*rfi-i't ciintli- 
tion. ,-\n>iii|ilvte man- 
icure fur man, woman 
ot* chllil. Silver uteel, 
nickel-], lit «*1. Sent 
' jt'ist |Kinl<>ii receipt of 
price if votir *)C» 
dealer hasli't it £WV 

Rochester, N.Y. 



Special Screw Machine Work. 

Ple&sed to quote Prices. 

HANDY THINGS CO., LUDINGTON, MICH. 



United States (.overmncnt Sold Guns, swords, 
revolvers, etc., eostinn *2.0OH.U0O to b. Bannerman, 516 
Bd'way, N. V. lllus. catalogue. Bargains at 20c. on dol. 

EVPCRT MnnCI MAKERS, Models.Patterns, 
CArCn I mUUCL Dies & Novelties. Kxperiment- 
al work. Wagxek M»t.. Co., il Mohawk St., Chicago, III. 



D. A. BEATON, Practical Lead Burner, 

P. O. Box 3: ; 4, Woiitthn, Mass. Fifteen years' experi- 
ence in all kinds of lead work in connection witb (.'hem- 
leal Works ; Sulphit e Pulp Mills, Digester Linings, etc. 



MATHEMATICIANS WANTED 

I can place a few high-grade mathematicians in a 
position to earn $4.00(1 to $1(1,0(10 a year, with congenial 
and luxuriant surroundings. MJite age, education and 
experience. Address Pkesiixent, P. O. Box ln34 
Philadelphia. 



NOVELTIES & PATENTED ARTICLES 

Manufactured by Contract, also PunchingDies, Stamp- 
ings. Prompt attention given. GLOBE MACHINE 
& STAMPING COMPANi, Cleveland, o. 



MODEL and EXPERIMENTAL WORK 

IIIUUkL Mechanical and Electrical Engi- 
neer. Drawings and Designs for Special Work. 
CHAS. W. GRAHAM. 106 E. 28th Street, New York. 



SMALL SPRINGS OF EVERY DESCRIPTION 

FLAT OR ROUND WIRE. STEEL OR BRASS. 
THEWALLACEBARNESC9 l8Mt.INST.BRIST0L.C0SN. 



FREE 

WM. T. C0MS1 



Catalogue of A rohiteetural. Scientific 

and Technical Books. 

Prospectus f o r 1 903 for "Architects' and 

1 Builders' Mugazine,'' monthly $2 a year. 

T. C0MST0CK. Pub.. 23 Warren St., New York. 



MODELLSIO 

,T 'Y C.E.ARSI® 



UNION MODEL WORKS 
193 CLARK CHICAGO. 



FREE 



SPECIAL OFFER 

to the Readers of 
'She Scientific American, 

<;<hmI for m .lays. 



A Beautiful Imported China Tea Set (S6 pieces), or Toi- 
let Set, Parlor Lamp, Clock, Watch, and mum other 
articles too numerous to mention. FKlfE with club 
order of 20lbp. of our New Crop Tea, fiik\ a lb., or 'ill lbs. 
of (Jrent American Hatting Powder, -«5c.a li». This ad- 
vertisement must accompany onler by mall or at store. 

THE (JKEAT AMEKICAN TEA CO., 

P. O. Box 289. ."1 ami !W Vesey Ht., New York. 



lUinnn? & EXPERIMENTAL work. 

ItIUULLO inventions developed. Speciul .Machinery. 
E. V. BAILLARD.FoxBldg.. Franklin Square. New York. 



.. _ - - _ _ _ - - wtttt _ 

type wheels. models l experimental work. small hwchihekr 
novelties fc etc. he.w turk 8tencil worm mo hamau 8t h.t., 



AMERICAN A;HATEi:i{ I'lIOTOfSKMMIER. | 

A monthly magazine giving reliable information on the 
art and technique of photography. Useful to beginners 
and experts. Subscription $1.50 per year. Foreign f2. 
Specimen ten cents. Address A. B.. 3fil Broadway, N.V. 



MODEL AND EXPERIMENTAL WORK. 

Electrical and Mechanical Instruments. Small Mach'y. 
EDWARD KLEINSCHMIDT, 82 W. Broadway, New York. 



SCHI7I,Z, MODEL MAKER 

Special Machinery to order. Stamping Novelties 

124 S. O.AHK STKKKT, CHICAGO 



PI FP.TRiniTV HOW TO MARE. 10 t'ts. 
CLCU I nlul I I . a Dynamo. Storage Butreiy, 
Wimshurst Machine, Telegraph Instrument, Electric 
Bell, 5 Books, 10 cents each. 

Buljier Pub. Co., Box S, Lynn, Mass. 

||»r* MACHINES*. CprllNH Engines, Urewern' 
■ I h and Bottlers' Machinery. THK VII/1'EK 
lUL. MFG. CO.. sttl Clinton Street, Milwaukee Wis. 



"THIS BEATS NEW JERSEY." 

Charters procured under South Dakota laws for a few 
d«llari>. Write for Corporation laws, blanks, by-laws 
and forms to Khii.11' Lawhexck, late Ass'l Secretary 
of Stnte, Huron, Beadle Co., South Dakota. 



MASTER MECHANIC wanted to take entire, 
charge of mechanical department of large Rubber Kae- ' 
tory near New York. Must, have large experience uml i 
he perfectly qualified for the position. Address, wlih 
full particulars. Machinery. Box 578, 121) Broadway, N ,Y. 

PH77I C | "Mental Nuts."'— Can you crack 'em? 
rUttLC I •■ Knots "-1O0 catch problems. 
D fl fl V C I " um Conundrums and Riddles.' ' 
DUUIVO l."Great American Puzzle Book." 
lllc. each, all 4 for 30c. 
Home Supply Co., 0. 9 1 , 132 Nassau St., New York. 



Shorthand by Mail thoroughly taught bv reporters 
Pioneer home course. Students all over the English 
speaking world. Best anywhere. Catalogue and first 



Ihmufree. POTT'S SHORTHAND COLLEGE, 
Itort. Pa„ II. S. A. 



WillianiHport, 



MATP.U Factory Machinery. VV. E. Williams. 
IUHlun Mir., 217 South Clinton St., Chic« 



hicogo, U. S. A. 



'rtUAL MANUhACIURING, SPEC. MACHINERY. 
) EXPERIMENTALWORK.DIES and STAMPING. PROMP1 
GLOBE MACH.& STAMPING CO.970 HAMILTON ST CLEVELAND, i 





THE WEALTH 
OF NATIONS 



A PATENT GIVES you an exclusive right to your 
invention for a term of seventeen years. You can 
sell, lease, mortgage it, assign portions of it, and 
grant licenses to manufacture under it. Our Patent 
system is responsible for much of our industrial progress 
and our success in competing in the markets of the world. 
The value of a successful Patent is in no degree commen- 
surate with the almost nominal cost of obtaining it. In 
order to obtain a Patent it is necessary to employ a Patent 
Attorney to prepare the specifications and draw the claims. 
This is a special branch of the legal profession which can 
only be conducted successfully by experts. For nearly 
sixty years we have acted as solicitors for thousands of 
clients in all parts of the world. Our vast experience en- 
ables us to prepare and prosecute Patent cases and Trade 
Marks at a minimum of expense. Our work is of one 
quality and the rates are the same to rich and poor. Our 
unbiased opinion freely given. We are happy to consult 
with you in person or by letter as to the probable patent- 
ability of your invention. 



Hand Book on Patents, Trade Marks, Etc., Sent Free on Application. 
MUNN <& CO.. Solicitors of Parents. 



Branch Office, 
625 F Street, Washington, O. C. 



Main Office, 

361 BROADWAY, NEW YORK. 
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FA Gift Worth <nrai£ 
^PreientWorthlia™ 



s 



The best holiday gifts are the useful gifts, 

and one of the most useful things in the world is 4 
a good Dictionary. Every home should hare one. 
This year why not give some one a 

WEBSTER'S 
International Dictionary 

The One Great Standard Authority. ' 

Why not make your home such a Christmas Present? 

The New Edition has 25.000 new words. 231,4 pages. 
6000 illustrations. Supplit-'d in various stylesof bindunr. 



LET US SEND YOU ITR IT TT 

"A Test In Pronunciation" » rKMUMU 

Affords pleasant nud instruftivp entertainment. 



Illustrated Pamphlet also Free 

O. & C. MERRIAM COMPANY, Publishers, 

Springfield, Mass. 




DYKE'S FLOAT FEED 
CARBURETER, $12.00 

Dyke hike Vaporizer, 

S3.50 up. 
Splitdorf Jump Spark 

Coils, Sli.nn up. 

Dyke Porcelain Plu(f, 

85 cts. and $1.00 

A. L. DYKE, 1402 Pine Street, St. Louis, no. 
Send stamp for Catalog. 




Scientific American 




1876-1902 

15,000 Valuable Papers 

JUST PUBLISHED. 

A LARGE edition of this new cata- 
logue now reacfy for distribution. 
Thousands of new papers are 
listed in it, bringing it up to date. Sixty 
three-column pages. Copies will be 
mailed free to any address in the world 
on receipt of request. All Supplements 
listed in catalogue can be supplied for 
ten cents each. 

MUNN •&. CO., 
Publishers, 361 Broadway, New York. 



8 Draftsmen, Mechanical, - $100 
3 Draftsmen, Structural, - 125 
I Electrical Engineer, - - 125 

Draftsmen, Surveyors and Engineers 
will do well to register with us 

THE SCIENTIFIC EXCHANGE 

Room 1210 Monon Building 
CHICAGO 



"BACK FIRING" 

WHAT AN EXPERT SAYS: 

The Standard Automobile Supply O., 1112 Betz 
Bldg.. Philadelphia, Pa., Gentlemen :— I havesriven 
your Vacuum Smoke Cap tor steam automobiles a 
thorough and severe test. It certuimy fulfils »H 
the requirements that I could ask, as it lias com- 
pletely cured the '"back firing " which has been a 
serious defect and annoyance to me. I tlnd 'hat 
the lire is not affected by wind from any direc ion 
und 1 have had the macnineout in almost a hurri- 
cane. It is all you claim for it. (Signed) S .*. 
Williamson. Mechanical and Patent Export, 2313 
North 33d St., Phila, Pa. 
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The Klevators are ao constructed that the n-eicht of the passengers 
Bending- assists In raising the awenrtinB passengers: consequently the 
cost to operate them is small. Booklet tree The lEeno Inclined 
Elevator Co.. SSI W. SSth Street. Xew 1 orlt. 



Fork crown, itttcivliangcahli.\ Mitlliu* & Jack- 
son 

Friction spring. P. Won 

Furnace. E. Ferraris 

fr'urnnri' dratiing door, F. r'lol.'gcr 

Furnace urate. \V. 10. ('nit- 

Furnaces, ttn* valve apparatus for open, 
hear tli. .1. A. SolHilcwaki 

Furniture joint fastening. .1. 10. Faught 

(rattle apparatus, \V. M. .Steliliins 

(rami* apparatus. 1). 11. Talliert 

Came register. Wells & Wood 

(Iiirmi'iit supporter. ('. W. Brown 

Gas burner tip. K. Downey 

(ins engine. .1. Hirst 

(Ills engine. .1. I.taotte 

Gns. generating wiitrr. 11. striiilie 

(ins geliei-ntor, acet.vleiii', W. S. May 

(Jus or VII pel glue. Rates & Williams 

Gas producer. J. Radcllffe 

Gate. (1. A. Morrow 

Gear, changeable speed. II. F. Jeffs 

Gear, speed changing reversing, F. II. 

Cheytie 

Gemiiig. ftietiouul. K Ittiwsnn 

Generator or mixing valve. F. It. Wldmnver 

et ill 

Golf halls, etc.. coulposltioli of mutter for 
the in faeture of. (*. (1. Watkins 

Golf ilub. II. K. Whltner 

Golf tees, mold for forming. (». A. llollirook 

Grader, road. .1. W. Mltey 

Grain eonve.ver. .1. Vogt 

Grnpplitig tool. II. A. Worthington 

Gun lireech iiiei'lianlsm. G. Khrhurdt 

Gun hreerli meclianlKiii. ('. Ilolmstrom 

Hantlle for spades, etc.. H. Parkes 

Hanotv. W. II. Patten 

Harrow tooth fastening. (I. E. Rlalne 

Hnrvoflter. potato. 10. I,. Sella nek 

Hat box. .1. A. Park * 

Hat fastener. W. P. Fraser 

Hat forming machine. I). J. Brew ot nl 

Hat pin. .1. C JIcDerniott 

Hat tip. .1. R. & B. It. Myers 

Hats, attachment for holding stock while 
pressing. XV. II. Kendall 

Hay rack or wagon. A. Drochalcr 

Hay rnke anil stacker. A. II Graves 

Hay tedder fork. W. XV. Shaw 

Headlight. .1. R. Stanton 

Headlight mill illuminated »lgn for street 
cars. etc.. J. A. lliiggan 

Heater. See Hot air anil hot water heater. 

Heating furnace. ('. I. lliille,- 

Heating furnace, continuous. II. R. A. 
Kciacr 

Heating system hot air casing. 10. J. Mullen 

Helices. helical springs. flexible helical 
shafts, etc.. apparatus for the produc- 
tion of flat. (".. Trouve 

High potential windings, means for prevent- 
ing breakdown of. W. S. Moodv 

Hinge, friction. I\ 10. Sloan 

Hoisting apparatus, ('. W. Hunt. .714,700 to 

Horse bandage, race. .1. G. JTaglia-k 

Horseshoe, ii.-iillt'ss. P. Chrlstlansson 

Horseshoe pad. removable. I>. .1. Cmnmliigs. 

Hot air and hot water heater for house 
warming, etc.. combination, T>. C 
Humphreys 

Hull, wheel. .1. Kraliss 

llyilrohoir/nldohydc ami making same. (1. 
Morllng 

Hydrocarbon burner, W. Macleisl 

Hydrocarbon burner, J. M. Wishart 

Impressing machine. C. Carlton 

Incubator. C. E. Adair 

Indigo vats, preparing, A. W. Playne 

Ink bottle holder. R G. Soltmaun 

Insecticides and fungicides to trees, etc., 
machine for applying dust. J. .1. Kiser.. 

Interlocking board. M. W. Wolfe 

Ironing machine C Marck 

Jar closure. J. M. Long, Jr 

Joint tightening device. S. Bi-unau 

Journtil box sand guard, P. Martin 

Kerite. W. R. Rrixey 

Kerfte. manufacture of crude. W. R. Brlxey 

Klnetoscope. projecting. J. H. White 

Knife cleaning mnchlno. Kent & Sutton 

Knit fabrics, inecimiiism for transversely 
severing webs of, F. G. Shelnln 

Knitting machine, n. C. Bellls 

Knitting machine. G. W. Ruth 

Lacing stud and eylet. combined. G. L. 
Reenstlcrna 

Ladder. W. G. SI toman 

Ladder, extensible. M. Lungen 

Ladder, step. P. F. Wynn *. 

Lamp, carbureting. O. D. Howell 

Lamp, hydrocarbon vapor incandescent. W. 
S. Prosko.v 

Lantern lighter. F. C. Smith 

Latch, gate. P. J. Setliacken 

Lathe relieving attachment. B. M. XV. Han- 
son 

Leaf sulfate into lead carlionnte. converting, 
A. S. Rnmage 

Leaf sheets, means for extending and thick- 
ening. A. O. & K. R. Kittredge 

Leather, munufartiire of artificial. G. 8. & 
0. Falkenstoln 

Ledger, separable. J. F. Warne 

Level, plumb. O. F. Sliilgnr 

Life saving apparatus. J. Strakele 

Liquid meter. P. Samaln 

Liquid separator, centrifugal. J. .1. Bcrrlgan 

Loom. Hutehtns & Rvon 

Loom shuttle. Caldwell & Glldnrd 

Loom shuttle exchanging device. C. Brun 
ot ul 

Loom temnle holding device. Perkins & King 

Loom weft detecting device. H. I. Harri- 
nian 

Lubricator. A. E. N'orrls 

Magnesium sulfate, milking. II. II. Wing.... 

Magnetic separator. C. Scholl 

Match box. P. Seller 

Match safe. W. W. Kyle 

Material of construction. E. Thaehor 

Measuring alternating electric currents. M. 
E. Thompson 714.073. 

Metal drawing apnaratus. K W. Vaughn.. 

Metal forming machine. H. W. Forslund.... 

Metal, treating scrap. J. M. O'Connor 

Metals from complex or sulfid ores, extract- 
ing. Clancy & Mnrslnnd 

Metals from their ores, obtaining, N. R. 
Keith 

Meter. See Electric meter. 

Mirror support. M. V. Dunham 

Motors, means for starting explosion, J. W. 
Hlnchley y 

"Voters, means for synchronizing. F. E. Case 

Motors, starting Induction. A. Schwartz 

Motors, synchronizing. I'\ E. Case 

Mouth and nose guard. M. B. Goodwin 

Mowing machine cutter. A. Chnnal 

Music box note sheet lifting mechanism, G. 
A. Brnchhausen 

Musical Instrument, self claying, J. Kruft.. 

Xut and holt. L. C. Amhecson 

N'ut lock. J. II. Leonard 

'Ill liiiruer. J. Fuller 

Oil burner. G. F. Robertson 

Oil burner. I". N . Wilcox 

Oil burner, crude. Bateinan & Wilson 

Ore concentrating and dredging apparatus, 
A. B. Stetson 

Ore roasting furnace. A. C. Johnson 

r'nekagliie; machine. W. II. Dohle 

Paint und varnish and making same, compo- 
sition for removing. C. Ellis 

Paper box. metal lined. G. Wolf 

Paper calendering machine. A. Cameron 

Vaner feeding ninehlne, G. R. Williams 

Parcel carrier. Glmmlg & Derennucourt. .. . 

TVn. drawing dotting. J. Bossart-Bachli 

vhonoeranhlc sounder. G. A. Moore 

r*hotographic timer. E. Harrold 

"'nntsrl. A. Cnnrn 

r»lle driver. J. M. Thomas 

r*lne bending anparatus. W. W. Benson 

VMne eonnllng, ,T, M. Worth 

vines, lining. .T. T. Hinds 

Pine, making butt weld. P. Patterson 

P'ne union. H. E. Marsh 

Planer, E. Rawson 



714,030 
715,009 
714,085 
714,702 
71 4,N1I4 

714,082 
714.S85 
714,754 
714,000 
714,840 
714,774 
715,1135 
714,700 
715,208 
715,218 
714.020 
714,853 
715,144 
715.117 
715,078 

714.780 
715.140 

714.082 

715.180 
715,225 
71 4.000 
714.723 
714.078 
714.080 
715.030 
715.073 
715.135 
714.810 
714,001 
715,158 
715,134 
715.048 
714,773 
715.120 
71 -L 731 

715.(184 
715.037 
714.705 
714.751 
714,829 

714.877 

715.029 

714.710 
714,724 



715,180 

714,034 
714,059 
714,702 
715.05!) 
715,021 
715,028 



714.098 
715,087 

714.031 
714.722 
714.085 
714.007 
714.053 
715.213 
714,827 

714,802 
714.087 
715,101 
714,710 
715,012 
715,102 
714,850 
714.858 
714,845 
714,711 

714.825 
714,098 
715,154 

715,148 
714.753 
715,001 
714.849 
714,(500 

714.047 
715.100 
714.054 

714.804 

715.214 

714.713 

714,791 
715,184 
714.057 
714,757 
714.823 
715.001 
714.000 
714.070 

714.005 
714,737 

714.000 
714.041 
714,984 
715.100 
714,749 
715.000 
714.071 

715.220 
714. 70S 
715,040 
715,211 

715,024 

714,014 

715,038 

714.002 
715.019 
714.824 
715.105 
715.052 
715.020 

714.857 
715.089 
715.102 
714.809 
715.0-14 
715.151 
715.?27 
714,995 



714.755 
715,080 
714,875 

714.880 
Tl 4.088 
715.017 
714.847 
715.051 
715.007 
715.115 
715.001 
71 a. fl«*t 
715.177 
715.000 
715.222 
714.903 
714.735 
714.720 
715,145 




TELEPHONES. 

THE SUMTER TELEPHONE MFG. CO. 

Sumter. S. C, V. S. A. 

Write for catalog and prices. 



Patented August 28, 1602. : 




For Heating and Connection for 

light. Frio., 91.Su. 
Goods delivered at once on receipt 
of price. 
Also Dealer in Incandescent Ra.s 
Mantles ami smmlies, Imnnrterof 
Novelties, RiiMier TuMng and 
Gas Triniuiirv*. 

J. C. BURKE, Agent, 
1-3 Ann St.. New York. 



" Ferno " 
Odorless 
Gas Heater 

JtJtJt 

will heat an ordinary 
room in 7 minutes at a 
cost of J4 of a cent per 
hour. 



Patent No. ?o»,9>o. 




For Heating. Price, 41.IM1. 




Do You 



own 




Valuable Scarf Pin? 
You must get the 



H 



old -on 
Clutch 




The only fastener that 
insures you against 
robbery or loss 
Simple, secure and 
easily adjusted 

Sample 50 cts. 

Write for terms in quantities 

C.P. GOLDSMITH & CO. 

Manufacturing Jewelers 

33-43 Gold St. 
NEW YORK CITY 



A Universal Rotary Pocket Measure 

THE ROTARY MEASURE, measures scrolls, curves 
of all k Inds, and straight lines and work more quickly 
than the rule. An adding device for estimators. Set to 
zero in a moment. No more mathematics required than 
with the rule. Rapid, accurate, attractive, durable, and 
any one can use it. 13,00 each. It is worth while to 
write for circular. Agents wanted. 

STECKENR-EITER- MFG. CO. 



96 Lake Street. 



Chicago, 111. 



THE GREATEST SHIPBUILDERS 

and LOCOMOTIVE CONSTRUCTORS 



-ARE USER.S OF- 



"Seaboard STEEL Castings. 

a guarantee: of quality. 



99 



SEABOARD STEEL CASTING CO. 

CHESTER.. PA. 




THE FOREMOST PUBLICATION 
OF ITS CLASS 

Well Edited Handsomely Illustrated 

Weekly, $2.00 per Year 

SEND FOR SAMPLE COPY 

THE CLASS JOURNAL CO. 
393 Broadway, New York 



REVERSING STEAM TURBINE.— PAR- 

son's recently perfected turbine for boats. Illustrations 
showing details. Contained in Scientific American 
Supplement, No, 1158. Price 10 cents, by mail, from 
this office, and from ail newsdealers. 



TREE, ROCK & STUMP LIFTER 
WHAT IT WILL DO 

1. Tree 50 ft. high by 91 In. 
diameter, transplanted. 2. Rock 
of 20 ton weight raised by one 
team (no diguing). 3. Stumps 
pulled andcarriedotT. 4. City 
park managers find tt the great- 
est tree lifter ever patented. 
5. Farms quickly and cheaply cleared of bowlders and 
stumps. 6. Operator of lifter earns 910 to $15 per day. 

Write for prii-efl anil idiot* -ifrntthR. 

GRAMTfc ROCK LIFTER CO. 
500 Main Mreet CHARLES CITY, IOWA 





$2.25 



HYATT'S UNIQUE 

PYROCRAPHY 

OUTFIT 

REGULAR 

14.00 

VALUE 



This outfit contains all of the articles shown, in- 
cluding directions and a free designed practice piece 
ready to burn. We guarantee this outfit to be 
tbe equal of any Four Dollar outfit on the 
market. 

PYROGUAPHY OR WOOD BURNING 
is the most useful and simplest of tbe decorative 
arts. Can be learned by anyone and Is both 
remunerative and delightful. 

Our New Pyrography Catalog is now ready 
and will be sent free to any address. 

H. A. HYATT, Dept. M., St. Louis, Mo. 



Patents, Trade Marks, 

COPYRIGHTS, etc., 

Address MUNN 8 CO., f?KSn S U. 

Office of the Scientific American 
S61 Broadway, New York. 

Branch Offlc: 6gS F St., Washington, D.Q. 
Hand-book Sent Free on Application. 







MILWAUKEE, WISCONSIN, UNITED STATES OF AMERICA. 

Original Inventors and Manufacturers of tbe New Patent Improved 

Doerflinger Leg, 3 3 
3 3 Best in the World. 

with New Steel Bearing Rocking Plate Ankle Joint* New Foot of Felt without 
any troublesome mechanical toe-joint; New Double Slip docket preventing friction 
soreness. No cords or spiral springs to get out of order. Rim of outer wood anil 
inner slip-socket molded not to cut the flesh. Natural, elastic, easy, soft movement 
of foot when walking. Good for horse and wheel riding or mountain climbing- 
Hundreds of Patrons were made comfortable and happy by it every year. Our re- 
presentative in the German Empire sells more than largest firms sell of old styles. 

Itisnota "cheap" leg, competes only for the best custom hy best construction, 
best material, and best workmanship. We send free of charge our illustrated cata- 
logue and measurement blank with instructions. For advice, give description of 
your stump, your weight , height, age, sex, occupation and complete address. The 
"Doerflinger" Leg can be made for any part of the world upon receipt of accurate 
measurements, drawings (and plaster cast for amputations in or below the knee) 
according to the said Instructions. ARMS and HANDS made for ornamental and 
practical purposes with tools to fit. References; Milwaukee National Bank, or 
American Express Company, Milwaukee, Wisconsin. 



What Do You Want To Buy ? 

We can tell you where to boy anything you want. 

Write us for the addresses of manufacturers in ANY line of business. 

Novelties, Special Tools, Machinery, Equipments, New Patent LABOR SAVING DEVICES. 

MUNN & CO., Publishers of the SCIENTIFIC AMERICAN, 361 BROADWAY, NEW YORK. 
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15 CENTS 

GETS THIS 

$650.00 AUTOMOBILE 




The OLDS90BILE— The 80th Century Horse lew Carriage. 

Weight, 800 pounds; range of speed, 3 to 20 miles per 
hour; expense of running, H cent per mile; price, 8650.00. 

Send IS eenU (8 2-c. stamps) for S months* 
trial subscription to 




"THE BOOK-KEEPER" 



A handsome magazine for book-keepers, 
cashiers and business men. It will teach 
you Accounting, Business Management, 
Book-keeping, Shorthand, Commercial 
Law, Short Cuts, Higher, Corporation and 
^ Cost Accounting, Banking, Business Point* 
* ers. Amusing Arithmetic, Lightning Cal- 
C. m. beach, editor dilations, etc- 91.00 ■ Yaar. 
Nineteen other valuable prizes in addition to the |650.00 Automobile 
will go to Book-Keeper subscribers. Send your subscription to-day* 

The Book-Keeper Publishing Co., Ltd. 

54 BOOK-KEEPER BLDG., DETROIT, MICH. 

a g 

15he Bla.keslee 
Steam Jet Pump 

has been 32 years in constant use In 
Mills, Mines, Quarries, Factories, etc.. 
and has given universal satisfaction. 
It is especially serviceable for elevat- 
ing and conveying water and various 
kinds of liquids, emptying cesspools. 
Ailing tanks, etc.; for pumping pur* 
poses in chemical works, tanneries, 
gas works, etc. The special features 
of this pump are its simplicity, inde- 
pendence of engine, not subject to 
freezing, economy, reliability and 
the fact that all parts are inter- 
changeable. It has no valves and no 
wear. Will pump sandy or impure 
water. Illustrated booklet and price 
list on application to the sole manu- 
facturers 

BLVKESLEE MFG. CO., 
Du Quoin, 111., l\ S. A. 





Too Much Light 



Is the great trouble with electric globes. You 
often endure a big, bright glare when you want 
a subdued glow, a common electric lamp can't 
be turned down. The uncommon HYLO 
turns up and down like gas and fits into any 
ordinary socket. 

14 CENTS 
A MONTH 

will pay for a light all nigbt. Anybody without 
skill can ui3 it. Write and find out about all 
our ingenious lamps. 

Baby Filament HYI,Of price, in half-dozen lots, A5c. 
per lamp f. ■ ». b. Detroit. Single lamp by mall, prepaid. 
OOP. Send cash with order— money back If not satisfied. 
This lamp saves five- sixths. 

The Phel ps Co., 8 Rowland St.. Detroit, Mich. A 




An Engineer's Library 

An absolute Encyclopaedia for Engineers or for Steam 
Users, Electricians, Firemen and Machinists, is the 

HANDBOOKwiEMKRINti 

By HENRY C. TULLEY 

First and Second Editions of 7,000 copies all sold. 
Third Edition, enlarged 
and revised, 5,000 copies, 
now ready. Sent any- 
where on receipt of 
Krlce, 83*50 — money 
ack If dissatisfied. 9li0 
pages, 400 fine illustra- 
tions. Thorougly relia- 
ble and practical. 
Teacher as well as guide. 
Latest, best and most 
complete text-book and 
work of reference. It teaches everything in the line of 
engineering, Including the correct erecting of engines, 
their care and operation, also of steam pumps; care and 
handling of Injectors and Inspirators. All about elec- 
tricity, dynamos and motors with proper management 
of electrical plants. Care and management or steam 
engines, boilers, shafting, pulleys, etc. 

Handsomely bound in leather and gilt. 
Pocket-book form. 

H. C. TULLE Y & CO., 
1060 Walnwrlght Bld g., St. Louis, Mo., U. S. A. 

FACTS atbout "THE FORSYTH " 

A simple, strong and perfect working "Coaster Brake." 

Farts readily adjusted without removing wheel from 

jjSk 4&Kf frame. No friction, 

/pnMaaJRRr. no backlash Under 

^fe^Jflnu- KSSujM absolute control at 

ATltaAi'ftllUBttHllEMfe " M 'hues Brake is 

■\JBQIflH HIDB self - and 

JSr^Bi IV wl " wedge. All 

■n M^m ^B the good points 

^■■■^^W^^^^^i^Hl other brakes and 

vl^F ^ «~i» ^jnp none of their objec- 

.... .TTr.. ,,■■- tlonable features. 

FORSYTH Mitt. CO.i • - Buffalo, N. Y. 



1'iusuc cuuiyouuu, S. H. corouigcr u» t v<u 

I'lai-lng ball, E. licmpahall, 

714,017, 714,818, 715,2o« 

Plow attachment, H. B. Muruuca ilo.ii'J 

flug and leceutacle, N. Maisliall Jl^uzs 

Pneumatic carrier system, W. U. Davis.... 71*,»<.i 

Pole cap, vculclc, U. 91. llavis 7H,UiS 

1'urtatuu engine and sawing uiucuiue, com- 
bined, I). Tunuseud ft al 714, KM" 

I'otato Ulgger, I. 1". Tucker Jl-4,!J7U 

l'uwer truusmitting mechanism, IS. L. Mc- 

Uulluch 714, 7X. 

Power transmitting mechanism, Al. Slotkin.. 710,104 

Press, H. lllrkhulz 714,&>U 

Printing and ruling machines, automatic 

feed for, W. O. Joliuslou 71&.US1 

Printing apparatus, \V. U. Keyuolds 714,744 

Printing decorative designs, roller for, B. 

J. Such 714,1)00 

Printing, multicolor or polychromatic, Al. 

ltiidometoff 714,853 

Printing press inking device, U. 11. Pierce.. 714,844 

Printing wheel, O. S. Tevauder 714.&J5 

Propeller, duplex, 11. 15. Allison 710,181 

Propelling apparatus, convertible bout, J. 

Whiteside 714.7UU 

Pump governor valve, automatic, J. A. 

Buluwin 714,884 

Pumps, shaft bearing fur centrifugal, J. 

tiedluud 715,064 

l'umpiug engine, r\ L. Ut-r 715,1111 

Uack and pinion mechanism, 11. li. Azadian. 714,771 

Uuck mechanism, 11. John 715,078 I 

Kudiator air valve, F. \V. Leuthesser 710,087 j 

Kail joint, W. 11. l'rlts 714.8SS I 

Hall Joint, K. Kobn 714,818 i 

Kail joint, J. Wolfe 714,8»0 ! 

ltail Joint, P. F. JJcrkey 715,0»2 

Kail Joint, C. O. II. Aliller 710,110 

Kail Joint, J. Price 710,14a' 

Uailvvay and ear and magnetic appliance 

therefor, A. C. Albeltson 71Jl8.11 

Railway rail, W. Leonard 710,1180 

Hallway rail bed, J. Freund 715,048 

Hallway signal, W. H. Walto» 715,18:1 

Hallway system, etc, electric, W. Robinson. 714,740 

Hallway track appliance, H. T. Porter 714,820 

Hallway trains, system for computing the re 

sistancc of, J. SI. Daly 715,198 ' 

Hallway trains, system for computing ton- , 

nage resistance in, J. M. Daly 715,201 

Rnke. See Hay rake. 

Ram, hydraulic, J. A. Snavely 710,167 [ 

Refrigerating, etc., apparatus for producing 

cold air for, T. & W. L. Cole, reissue. . 12.061 

Register, II. R. Richardson 714.740 

Rennet, composition of matter for use with, 

Scott & Anderson 714,718 i 

Retaining apparatus, H. Small 715,165 j 

Retort discharging apparatus, L. Bertram!.. 715,004' 

Revolver front sight, D. B. Wesson 715,22.'! I 

Rheostat, P. Mackintosh 714,927' 

Ribbon retainer, P. C. Steinkamp 714,96;! i 

Road bed. (i. A. I,e Pevte 714.92.TJ 

Rocker, platform, W. P. Seng 714,750 

! Roller table, power driven. (). Slllidl.... 714.708! 

Rotary engine, E. C. Warren 715,221 I 

I Rotary steam motor, H. Roeske 715,152 I 

I Rudder, yacht, G. W. Swan 715,170 1 

l Rule and square, combined. P. SI. Callahan. 715.194 

Saddle, harness, J. J. Creedon 714,870 

; Sanding machine, E. K. Haves 714.899.715.204 

Sash balance and fastener, Lowery& Billings 714,720 
Sawing machine attachment. J. N. Crahum. 710,004 

Sawmill feed works, S. Edwards 714,879 

Scaffold horse, J. S. Tiller 714.761 

Scnle, computing, W. F. Stlmson 715,172 

Scraper, wheeled dumping, V. D. Johnson.. 714,706 

'Screen banger and lock, R. -F. Douglass 715,034 

Screw machine, F. E. Wells 714,841 

Sent, F. B. Redington 715,147 

Sensitized plates, light proof case for. 

Brooks & Watson 714,860 

Settling tank or decanting vessel, J. Randall 714,822 
Sewage, apparatus for use In the treatment 

of, H. B. Klllon 714,801 

Shade bracket, window, J. C. Barker 714,854 

Shade hanger, window, S. Johnson 714,800 

Shaping tools of different patterns, pattern 

grinding apparatus for, C. Kremnitz. . . . 714,803 

Sheet metal can, F. W. Galhraith, Jr 715,050 

Ships, etc., for making them less visible, 
' treating the outsides of. Brush & Thayer 715,913 

] Shoe protector, J. A. Raiser 714,821 

1 Shoe upper packing machine, M. E. Morris. 715,210 
Shovel handle, auxiliary. J. C. H. flruner.. 715.05(1 

Show case, W. G. Flint 714,086 

Shutter worker, A. I,. Champion 714,609 

, Signal waves, amplifying electromagnetic, J. 

! S. Stone 714,833 

' Signal waves, apparatus for amplifying elec- 
tromagnetic, J. S. Stone 714,832 

Signaling, apparatus for selective electric, 

J. S. Stone 714.8:11,714,834 

Signaling by electromagnetic waves, selec- 
tive, R. A. Fessenden 715,203 

Signaling, selective electric. J. S. Stone.... 714,756 

Sink cleaning device, W. Melvin 715,107 

Skirt supporter. Lloyd & Pierce 715,098 

Smokers' articles, manufacturing, G. L. 

Flusln 714,887 

Snap hook, O. A. Buck 714,777 

I Socket wrench, adjustable, J. C. Burgess.... 715,014 

Soda alum, making, J. F. White 714.846 

Soldering Iron, C. A. Kaiser 715,083 

I Sole for boots or shoes, spiked, G. I,. Pierce 715,138 
Sound box for recording or reproducing ap- 
paratus, Berliner & Sanders 715,003 

Speed measure for rotary shafts, J. Heyde. 715,067 
Spinning and doubling apparatus, R. W. 

Sroncrleff , 714,933 

Spinning ring, M. E." Sullivan 714,966 

Spiral shaped hellcallv twisted bodies, manu- 
facture of. J. Glesholdt 714.890 

Spittoon, fountain, J. C. Blair 715,005 

Spittoon, street car. R. B. Norwood 715,128 

Spoke sneket. W. B. Roberts 714,951 

Spring. See Car spring. 

Sprlngwork elin, J. A. Staples 714,830 

Stacker, O. W. Worlev 715.232 

Stacker, wind. C. Hearn 715,063 

Stall floor. J. W. Combs 714,677 

Staple puller, F. T. King 715,207 

Stationery package box, J. P. Norton 715,127 

Steam engine. C. Vogel 714,977 

Steam explosive engine, C. A. Braden 715,008 

Steam roller. G. R. Townsend 714,762 

Steel In conical Ingot molds, press for com- 
pressing Unnld, H. Harmet 714,692 

Steering gear. G. A. Bnrwell 715,193 

Stiffening strip for garment waists, corsets, 

etc.. A. M. Weber 715.187 

Stoker, mechanical. .T. W. Kincaid 714.712 

Stove, hot blast. R. Young 715,188 

Sugar manufacture by centrifugal action, 

treatment masse culte of, H. Claassen.. 714.863 

Suit hanger. L. G. Swan 714.967 

Swlveled chair, E. G. Watklns 714.764 

Syringe, extracting. J. R. Perry 714.738 

Table. W. T. Wells 714.981 

Table. Greenlaw & Holmes 715,055 

Tanning skins or hides. A. J. Pilar 715,139 

Target trap, magazine repeating, W. D. 

Trnutner 715,179 

Telephone, pay. C. E. Egan 714.0S0 

Telephone system. A. F. Swan 714,759 

Telephone system signal bell. C. E. Egan... 714,681 
Telephone transmitter arm joint, C. T. Ma- 
son 714.813 

Thermostat. A. T. If Vesconte 714.810 

Thresher. W. A. Hesse 715.066 

Thresher tooth fastener, W. W. .Tones 714,708 

Tickets to goods, hand machine for attach- 
ing. H. G. Dnvls 715,032 

Tile, ornamental. R. Wncncr 714.838 

Time ball nnnaratus. A. T,. Woodworth 715.230 

Time recorder, workman's, .T. J. Stoekall. Jr 714,964 
Tires, automatic pump for pneumatic, C. S. 

T,angton 715,094 

Tobacco baler, H. W. Helgeson 715.065 

Tobacco leaf cutting knife. C. Mlllhlser 714.729 

Tonnage resistance Indicator, J. M. Daly... 715,200 
Tonnnffe resistance indicator, graphic, J. M. 

T)nlv 715.197 

Tool hoMer. J. M. Normand 714.942 

Tonthnlck. J. F. Hills 714.901 

Tor fleure, P. K. T. Melnecke 715.106 

Tov, musical pipe. H. E. P. WestenfeW 7J4.768 

Toy target and gun apparatus, W. A. Zelcta 714,770 
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The great 
discovery 
by Prof. 



SYCHRATISM ■&* 

given to the world for the first time. You want It. It 
will make you more competent to combat with the In* 
fluences of the world. It teaches you how to develop 

PERSONAL MAGNETISM »„ 

Wll I DnU/CD By learning the principles of this 
Ibk rWllBni great science failure can be 
changed to success, It Is a marvelous force, valuable and available 
in every day affairs of all classes of men. It teaches yon how to 
be a leader. Tbe science of Psy-fJ VDMATIC Ml 
chratism is not simply the power of ■■ u_T IIV I I 9 Iwl | 
but the true undeilyi 
possible, it makes 
foi 



but the true undeilying power through which hypnotism Is made 
i truth of mystery, develops personal influence, wll 
ley note to self develop- DfiVPUQATIQM 

ment and success. Personal instructions in ■ O I Unllfl I lOltl. 



'orce, and is the key note to self develop 



MENTAL SCIENCE, HYPNOTISM -2--?-«wfitJ*^ 



nomena is given by 
For those who cannot afford the time and expense of 



Prof. Vernon. 

a trip to Rochester, we have prepared a course of COR- ED C C 

""SSPONDENCE INSTRUCTIONS. Send for our Pit EC 



RES 



100 PAGE ROOK "■ P8yc ' hl0 -- "•' <, " OIn -" a - oi ' tbe Twentie,h 



Century.' 

; no nothing. This is a valuable 
essonsof this science, not a mere advertising pamphlet. Remember 



- - - »-, ■ Write for it to-day, it costs 

on nothing. This Is a valuable book containing tbe rudimentary 



It Is sent to you free of cost and post paid bv addressing Vernon 
Academy of Mental Sciences and Vem.n Sanatorium, 2208 East 
Ave, Rochester, N. Y., U. S. A. 



SYNCHRONOGRAPH.— A NEW METH- 

odof rapidly transmitting intelligence by the alternat- 
ing current. A full description of the interesting ap- 
paratus of Crehore and Squier. 13 illustrations. Scien- 
tific ajiemcan Supplements 1114 and 1115. 
Price in cents each. For sale by Munn & Co. and all 
newsdealers. Send for new catalogue. 




THE WATERBURY 

Emery Grinder, 

with adjustable table, for flat surface 
tirlndinf; and flnisnlriK, and for ordi- 
nary tool grinding. 

|y Send for Catalogue. 
BLAKE £ JOHNSON 
P. O. BOX 7, 
WATERBURY, CONN. 



FRICTION DM DEL 

FOR LIGHT WORK. 

Has Thene Great Advantages! 

The speed ran he instantly changed from to 1600 without 
stopping or shifting belts. Tower applied can be graduated 
to drive, with ei|U!tl safety, the smallest or largest drills 
within its range— a wonderful economy ic time and great 
saving in drill breakage. %W Send W catalogue. 

W. F. A JNO. BARNES CO., 

Established IHVJ. 
ltttttf Ruby Street, - - Rockford, UK 





Only gasoline lamp in the world 
lighted direct with a match like 
;as. Made in al 1 styles. 

Such business as agents are BOW 
doing never before known. Ex- 
clusive territory. Catalogue j| # 




CA5T0H IVC. LIGHT CO.. 
Canton, Ohio. 






Every Branch of Science 

in its latest developments — all the most recent inventions, 
the processes and discoveries of the last ten years, are 
included among the 65,000 titles of 







EDITORS 

Daniel Coit Oilman, LL.O., ^™e^Vn su"»5o°n pkins v™™*™ 6 -^ Pre8ident 

Harry ThUrStOn PeCk, Ph.D., L.H.O., Professor in Columbia University. 
Frank MOOre COlby, M. A., late Professor of Economics in New York University. 

Assisted by nearly 200 eminent editors and contributors. 
SOME INDISPUTABLE FACTS 

It is NEW, it is not a Revision. 

It is the ONLY new Encyclopaedia published in English during the last 
ten years. 

In FULLNESS, COMPREHENSIVENESS and extent and beauty of 
ILLUSTRATIONS, it so far exceeds any other Encyclopaedia in English as 
to be comparable only to the great GERMAN ENCYCLOPAEDIA of Brock- 
haus and the Meyer. 

It is not a Dictionary, a mere word-book, but a true Encyclopasdia, a sum- 
mary of all knowledge, the gist of all learning from the beginning of history 
down to to-day. 

It is copiously and richly illustrated with full-page plates — ioo of 
which are in color — cuts in the text, maps and charts. The illustrations 
alone if brought together would make a volume the size of Webster's 
Dictionary. The maps are complete and embody all the latest 
changes in Geographical and Political boundaries ; the charts show 
graphically the facts of Historical interest, Mineral deposits, 
Agricultural products, etc. 

Now in Coursa of Publication. 17 Royal Octavo Volumes 
15,000 Pages. 

SEND FOR SAMPLE PAGE8-FRI 

showing type, methods of treatment of the subjects, 
specimen plates of maps, colored and plain, illus- 
trations, names of contributors and information 
regarding a 

Special discount to Scientific American 
Readers Subscribing Now 
and our Little-at-a-time Payment Plan 



Dodd, Mead & Co. 



372 Fifth Avenue 
NEW YORK 




1 1 902 SCIENTIFIC AMERICAN, INC. 



434 



Scientific American 



December 13, 1902. 




$$£] COMPANY 




CRAMER 

Crown 

Plates are 

more rapid 

than any 

other plate in 

the market 

With this 

plate clear 

quick 

printing 

Negatives 

can be 

secured 



These plates 
are 
especially 
adapted for 
Tourists 
using 
Hand- 
Cameras 



G. CRAMER PRY PLATE CO. 

ST. LOUIS, MO. 

Offices in 

New York : 32 East 10th Street 
Chicago : 1211 Masonic Temple 
San Francisco : 819 Market Street 



SENSITIVE LABORATORY BALANCE. 
By N. Monroe Hopkins. This "built-up" laboratory 
balance will weigh up to one pound and will turn with a 
quarter of a postage stamp. The balance can be made 
by any amateur skilled in the use of tools, and it will 
work as well as a $125 balance. The article Is accom- 
panied by detailed working drawings showing various 
s(,agos of the work. This article is contained fn Scien- 
tific American Supplement, No. 1184. Price 10 
cents. For sale by munn A Co., 361 Broadway, New 
York City, or any bookseller or newsdealer. 

IS IT WORTH 



' Smooths the 



to never have to search for any paper t 

This File _ Rough - '» Your 

aces" A Business. 



*\_:' 






For one little dollar, we will send, ore- B Jflif il 
paid, our NEW PERPETUAL W*8$. 

PESK FILE 

No writing necessary ; just put the document 
on the file, where It is securely fastened so that 
it cannot be misplaced, yet can be referred 
to Iiistontly, without removing it or disturb- 
ing the other papers. Every business man needs i 
it to keep track of—" That order promised next I 
montn, that bill to collect next week, t at note 
due on the 10th,"— a eralnder for everything 
needing attention each day. Slips in desk drawer | 
or can be hung out of the way. Any paper worth 
keeping Is worth the price of this fife. Sent any- 
where fii the United States prepaid on recent 
°f 61.00 to Introduce our labor-saving devices. 

Money back If you want it. 

FREE "Busines- ^at*^ P» intern," full I 
money-fiav ing 



I of money-making and 
hints. ' B 

, VETTER DESK 
' WORKS 

Estab. 25 vrs# 



78 River St., 
Rochester, 
i New York 



The Only File Filing Either by Alphabet, Month, Dtte 
or Number ALL ON ONE FILE. 
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Traction increasing device, electromagnetic, 
A. A. Honey 

Transformer and means fur winding same, 
E. R. Gill 

Tray, serving, S. Peete 

Trolley catcher, E. M. Swing 

Trolley harp, II. S. Doylr 

Trolley protector* electric, Hoffman & Pow- 

Truck, passenger car, E. (,'llff 

Truck, car, K. Cliff 7H,«7:f, 

Tunnel, ventilating, W. Moran 

Upholstery spring support, C. Bush 

Valve, U. O. Rowley 

Valve, W. Meredith 

Valve, alarm, I*. Evans 

Valve, balanced, Mitchell & Vaiighen 

Valve gear, explosive engine, W. J. Rohh . . 
Valve, hydraulic or other fluid controlling, 

H. S. B. Brlndley 

Vegetable cutter, N . Lykc 

Vehicle attachment, W. W. Mette 

Vehicle f ramo, H. Lemp 

Vehicle steering nu>ehauism, J. l\ Duryea.. 
Vehicle steering mechanism, trail, W. F. 

MacGregor 

Vehicle wrench, \V. Iah< 

Ventilating apparatus, II. Kroder 

Ventilator, J. O. Stanley 

Vessels, storage of supplies for submarine, 

S. Lake 

Vest, E. R. Wood 

Violin muting device, K. Barglmlc 

Wainscoting or the like, W. S. Sattertteld . . 

Wall bracket, adjustable, G. Holtz 

Warp beam attachment, A. Tourtclller 

Warp threads, mechanism for uniting the 

ends of, G. Hiller 

Watch guard, F. A. Adam s 

Watches, tool or truing balance wheels of, 

R. D. Nelson 

Water in the earth, electrical process of lo- 
cating running, F. II. Brown 

Water purifier, G. M. Davidson 

Water purifying apparatus, L. Uathmann... 
Water tube boiler, J. C. Cooke, 

714,782, 714,867, 

Wax ends, tool for twisting, K. Kiss 

Well drill, Boothe & Woods 

Wells, shutting off water in drilled oil, W. 

Plotts 

Wheel. See Car wheel. 

Wheel fastening, divided, C. W. Shartle 

Whiffletree book, L. A. Beeman 

Winding machine, cop, W. T. Hanson 

Window, P. Brown 

Window fastener, automatic, A. H. H. Sief- 

f ert 

Window screen, F. B. Harrison 

Wire tightener, J. W. Headley 

Woodworking implement, F. Strelcb 

Wrench, .1. J. Quinlan 

Wrench, J. L. Young 

Wrench, G. D. Cleveland 

Zinc sulfid ores, treating, Clancy & Marsland 



714,695 

714,891 
715,137 
715,190 
715,030 

715,071 
714,672 
714.074 
714,1(35 
715,015 
714,747 
715,108 
714,'S84 
715.113 
715,151 1 

715,000 
714,925 
715,109 

714,808 
714,878 

714,926 
714,922 
714,714 
715,169 

714,921 
714,767 
714. (>T,.X 
715,156 
714,694 
714,836 

714,900 
714,655 

715,123 

714,775 
715,031 
714,793 

714,868 
715,086 
714,772 

715,141 

714,955 
714,997 
714,897 
714,776 

715,217 
714,898 
715,062 
715,173 
714,741 
714,768 
715,025 
715,023 



DESIGNS. 

Andiron, C. D. Sbepard 36,149 

Sewing machine cabinet, W. C. Free 36,150 



VOL. 33. 
JANUARY—JUNE, 1903. 

278 Illustrations. 120 Pages, 6 Tint-Blocks. ' 

The Thirty-Third Volumeof this beautifully Illustrated 
and finely printed Monthly Magazine, comprising the < 
numbers January to June, 1902, 1b now ready. 

. . . SPECIAL FEATURES . . . 
ILLUSTRATIONS. . . 

The volume contains 6 tinted cover pages and 278 
illustrations. Including many fine examples of 
recent dwellings, gardens, views of groups and 
estates, interiors, exteriors and plans. Photo- 
graphs of agricultural details, porches, doorways, 
mantels, etc., are especially helpful and suggestive. 
The Ulustratio ns of the Building Monthly are made 
from specially taken photographs and are not ob- 
tainable elsewhere. Most of the bouses are ac- 
companied with full sets of plans. 
TA LKS WITH ARCHITECTS. . . 

This interesting series of conversations with emi- 
nent architectsTjy Mr. Barr Ferree comprises im- 
portant talks with Mr. Thomas Hastings on "Some 
Suggestions for New York''; Mr. William J. Fryer 
on "The Sew Tenement House Law of New York"; 
Mr Charles A. Rich on " The Develnnment of the 
Small College"; Mr. John Galen Howard ,m "Tbe 
Beaux-Arts Architects"; Mr. J. Monroe Hewlett 
on "The Architect and the Municipality"; and 
Mr. George L. Moree on " The Durability of Steel 
Construction." 

EDITORIAL ARTICLES... 

Suggestive discussions on timely subjects for the 
homebullder: "Munlclpil Art"; "Roads and 
H .uses' ; "Washington the Magnificent ": "The 
House and the Terrace"; "The Art of Home- 
nulliiiiui "; " Kitchen Ends and Back Yards." 

DEPARTMENTS. . . 

The Departments of the Monthlv cover a wide 
range of topics and summarize the latest advance 
in current architectural thought and prnetlce: 
"Monthlv Comment"; "The Household"; "The 
Garden"; "Legal Decisions"; Xew 3ooks"; 
"Country Life"; "The Country House"; "Fire 
Protection"; "Sanitation '; "Civic Betterment"; 
" New Building Patents ' ; " Publishers' Depart- 
ment." 

The Scientific Amkpicax Bitjldino Mowthly Is 
a national magazine of architecture conducted with 
special reference to riomestlc architecture, its text 
abounds with practlcnl suggestions and Its illustrations 
cover a wide ranee of subjects selected with scrupulous 
care and printed In the most artistic manner. 
Price, Express Paid, 9*2.00 



TRADE MARKS. 

Anesthetic products, certain named, A. Rous- 
seau 39,397 

Antiseptic compound, Oleo-Naphtbol Co 30,396 

Automobiles, Olds Motor Works 39,405 

Beverages, breakfast food, Maltcehocla Com- 
pany 39,371 

Bicycle goods, certain named, Gultermau, 

Rosenfeld & Co 39,407 

Candles, Dempsey Candy Works Co... 39,369, .'{9,370 
Canned fond products, certain named. Bcrdiin 

& Co 39,378 

Canned fruit, berries and vegetables, C. 

Shenkberg Co 30,376, 39,377 

Cigars, tobacco, cigarettes, and cheroots, R. 

M. Haan :',9,:'.si) 

Corsets, K. A. Meloni 39,392 

Disinfectants, Dr. A. C. Daniels (Incorpo- 
rated) 39,398 

Dry goods, certain named, J. A. Hearn & Son 30,383 
Fabrics, certain named, J. A. Hearn & Son. . 39,:',84 

Fabrics, cotton, Siemssen & Co 39,385 to 39,390 

Feeding stock, farinaceous compositions for, 

Star Stock Food Company 39,381 

Flour, wheat, T. Felss 39.372 

Food for horses and cattle, certain named, G. 

H. Hughes 39,382 

Food products, cereal, H-O (Hornby's Oat- 
meal) Co 39,374 

Food products, cereal, fruit, and nut, F. E. 

Kelsey 39,375 

Furniture and interior woodwork, Tobey Fur- 
niture Co 39.412 

Glass, picture and window, Belgian Plate & 

Window Glass Co 39,413 

Hats and caps, Yale Hat Company 39,:193 

Insulators, electrical, Mica Insulator Co. 

39,410, 39.411 
Medical preparation for certain named dis- 
eases, E. M. Llntncr 39.3911 

Medicinal wine, A. Troussalnt & Co 30,402 

Mixing devices, certain named., Natinnnl 

Manufacturing & supply Co :;n.4ns 

Neckwear and Barathea fabric therefor. M. 

W. Lowenstein 39,391 

Oats, rolled, A. Forrest 39,373 

"Cerf umes. Hrm of A. Wright 39.4n:i 

Pickles. A. I. Brown 39.379 

Reflectors, refractors, shades, canopies, and 

chimneys, E. Munsell & Co 39,414 

Remedies for certain named diseases, Ostera 

Co 39.400 



Remedy for abnormal sweating, J. Herb 39,401 

Rubber footwear, certain named. North Star 

Shoe Cc 39,394 

Stiffening material, Warren Fcatherhone Co. 39,395 

Telephonic apparatus, certain named, Hutch- 
ison Acoustic Co 39.4H9 

Thermometers, harometers, and hydrometers, 

R. Hoehn Co *. 39,415 

Tripods, adjusting heads for, W. H. Flleh- 

mann 39,406 

Water, apparatus for electrically purifying, 

Electra-Pura Water Co 39,404 



LABELS. 

*'Dr. Turnock's Kidney Cure," for medicine, 
Turnock Medical Co 

"Heaton's Viper Bite Cure," for a medical 
preparation, Heaton Brothers 

"Helntz's Malt," for malt, John C. Helntx. . . 

"Imperial Crest," for tea, McCart-Chrlsty Co. 

4 *Tophene," for rheumatic remedy, Blauw A 
Briekner Drug Co 

"Zu-Zu," for cigars, J. R. Isaacson 



9.583 
9.r,<!4 
9.585 



9.5S1 
9,586 



One Wire — Triple Service 

An EXTRA LIGHT and Power for a MOTOR FAN, without loss of' 
ORIGINAL LIGHT in the Fixture 

THE VETTER CURRENT TAP i^° 

The only Socket that will do the work. Easily attached to any fixture. 
SAMPLE, POSTPAID, ftl.llO, LIBERAL TRADE DISCOUNT 

Send for circular. Sold by all Electrical Supply Houses 

E. B. MEYROWITZ, SMK. 1 04 East 23d Si, New York 





Mullins' Galvanized Steel 
INDIAN CANOE 

SECTIONAL. 

Saves Freight. Con- 
venient for Storing 
and Handling;. Low 
in Price. Durable. 

W.H. MULLINS, 

384 Depot St., Salem, Ohio. 




MM1EI Mil If CD I make Models for Electrical and 
ITIUUtL rrlHrVCll Mechanical Appliances, also fine 
macbinery. M. SANGER, 62 Cortlanot St., New Yokk. 



MAME PLATES-EMPLOYEE CHECI 
VIP ■ KEY TAGS.BAGGAGE C'KS 8c BADGES • v 

JJ*0BBIN^MFG.C0.58 KNEELAND St. 

SfTO rOR Catalogue BOSTON. MASS. 



PRINTS. 

"Anticipation Back No. flflfi Cnnoxess Plnyinp 
CardB," for playinjr cards, United States 
Playtnp Card Co RSI 

"CnUfnrofii Penner«." for food products, Lllihv 

McNeill & TAhny T.sr. 

*'Hannan Shop.** for shops. Oray Lithograph Co. 5R4 

"McCormlck.** for harvesting machlnps, Inter- 
na tlonnl Hn rveater Co RR2 

"Music Hath Charms Back No. fiOO Congress 
Playing Cards.** for playing cards. Tufted 
States Playing Card Co 580 



A printed copy of the specification and rirau-lnjr 
of any patent in the foregolnc Hat, or any patent 
In print Issued since 1RB3. will he furnished from 
this office for 10 cents. Provided the name an>! 
number "f the Patent desired and thp date lie 
civen. Address Munn & Co., 361 Broadway, New 
York. 

Canadian patents mnv now he obtained by the in- 
ventors for any of the Inventions named In the fore- 
potnir !!■♦. For term* nnd further particulars 
address Munn & Co., 361 Broadway, New York. 



Volt Ammeters 



:/ Pocket size, bat large enough for accuracy 

mckft * andpractrlcal use. Various ranges for test- 

(dIt^mmitir Ing batteries, electric light, telephone and 

v« n»»©ii.r other circuits, etc. Also, Voltmeters and 

jj* : 4 Ammeters for general measurements. 

** i EF~ Send for Circular. 

L. HI. PIGNOLET. 
Cortlandt Street, New York, N. Y. 




The PERFECTION 
STOPPER 

FITS ANY BOTTLE after uncork- 
ing, absolutely air-tight. Re- 
tains the gas in carbonated bev- 
erages. At druggists and dea- 
lers, or sent post-paid for 25c. 

Perfection Bottle Stopper Co., 2 %S£g B ,t 



IN THE INTERESTS OF HEALTH 

pure water isone of the first neces- 
sities. Pure water nowadays isal- 
mnHt imposHiblewitbout filtration, 
but many so-called tillers are flat 
failures because they are faulty In 
principle. To be certain of secur- 
„ the purest water from your own bouse 
supply, use the 

BERKEFELD FILTER 

Whose cylinders of Infusorial Earth 

retain every particle of solid matter, and 
allow no bacteria or vegetable matter to 
pass through. A perfect Alter, used in the Health De- 
partments of the chief cities, the hospitals, laboratories 
and Government institutions. 

BERKEFELD FILTER COMPANY 
4 Cedar Street NEW YORK 






Dyke's Improved Circulating 
Pump, $5.50 up. 

Dyke's Radiators, Jump 
Spark Devices, etc., are 
the Latest 

A. L DYKE, 1402 Pine St., 

St. Louis, Mo. 

[Send stamp for Catalog. 



Improve Your Circulation 
by using The 

LOBEE PVMP 

Increases and gives a pos- 
itive circulation to the 
cooling water tor all Gaso- 
ine Motors. 

Sim pie. Cheap. Durable. 
Efficient, easy to apply, 

LOBEE PUMP * 

MACHINERY CO., 

18-20 Terrace, Buffalo, N.r". 



A Splendid Christmas Present 



4«JSS*£*5jB 



M ARYLAND TEA STRAINER 

Solid .925 Sterling Silver 
Hepousse Flora.1 Design and Golden Bowl 

A BEAUTIFUL PRESENT FOR A WOMAN OF TASTE 




Each 
Postpaid 

GUARANTEE— If this Tea Strainer is notjperfectly wit islac- 
tory in every wiiy, we will refund your money. 
Reference — Any Bank in Baltimore. 

BALTIMORE STERLING SILVER CO. 

17 No. Liberty St. BALTIMORE. MD. 




Torrey 

Swing Strop ^a/ 
with Razor Pocket. 

This new style la very convenient fc 
both home and travelling use. Your Razor always with yonr Strop* 

No. (WO-sw, Polished Linen, extra selected Horse Hide. Morocco Case stamped in Gold, price $2.00. 
No.'.i77-8\v, Prepared Web ami oiled leather. Leatherette Case, prire $1.00. 
No. i)7'.>-B\v,HiTi*. r le oiled Lcniher rwo stropping surfaces. Leatherette Case, price 75 cents. 
Sent postpaid if your dealer cannot supply. Send for free catalogue— contains valuable information 1 
those who Bhave. 

J. R. TORREY & CO., P. O. Box 34 . Worcester, Mass. 





A primitive method of locomotion used in Ecuador, 5. A. 

Simplicity, Durability, Reliabiliy, 

are the three cardinal virtues in motor-carriage constmctlon. 
You will tiuil thum in their highest development and efficiency In 



<%^Stf£C° 



TOUR.ING 
CAR.. 



Built for practicAl, every -day service, on all kinds of roads' 
in nil kiixlH "t weather, tile Kamhler bas jirnved its genuine 
merit urnler :<H t-uiiditiune. It* many points of superiority are 
Plated in tirUtll in our 

Complete Illustrated Catalogue 

mailed free on request. 




Model E (like cut.) $750 00 

THOS. B. 1EFFERY & CO., Kenosha, Wis. 
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Business ana Personal Wants. 



HEAD THIS COLUMN CAKEKULLY.-You 
wili tind inquiries tor certuin clashes of articles 
numbered ill consecutive order. If you manu- 
facture these (roods write us at once und we will 
send you thenameand address of the party desir- 
ing the information. Ill every cane ii in nereo- 
sary to give tlie number of Hie Inquiry. 
IHCNN & <:o. 




Price $1. 



BOOKS 

On Hallways, 

Cements, 

Electricity, 

Mechanics, 

Pocket Books, 

Mathematics, 

Bridges. 

Steam Engines. 



ALLEN, Railway Curves and Earthwork, $3.00 

** Tables to this book nearly ready. 

BUCHANAN, Tablesof Squares. 9th Edition 1.00 
HOLDING HAM, The Design and Construc- 
tion of Oil Engines. The best book out. 3.00 
Send for list of 25 mit 1'UAiriCAL BOOK'S; also 
new 200 pagi' cutalinju r. IVe cunxupply any 
b:iolt IJ want. Estimates. 

SPON <& CHAMBERLAIN 

Publishers of Engineering Books 
Liberty Blag., 123 Liberty St.. N. Y„ V. S. A. 




Price 50 cents 




THE STEAM TURBINE; THE STEAM 
Engine of Maximum Simplicity and of Highest Ther- 
mal Efficiency. By Prof. R. H. Thurston. A valuable 
series of articles having cuts of some of the more effi- 
cient engines of this type -the Parsons', De Laval, now, 
etc.; with exhaustive tables giving the result of tests 
and much general data on the subject. Contained In 
St-PPLEJIKXT Nos. 1306, 1307 and 1308. Price 10 
cents each. For sale by Munn & Co. and all newsdealers 




Optical Lanterns, Stereopticons, 
Projecting Microscopes, with Polar- 
iscopic Attachments for Scientific 
Research, as well as for public and 
private exhibitions. 

We manufacture strictly reliable lanterns, 
thousands of which are in use in the leading 
Universities and Science Schools. 

All of the working parts are interchange- 
able, which permits of the introduction of 
experimental apparatus used in Physical 
and Chemical Laboratories. 

A. T. THOMPSON & CO., 

25 Bromfield Street, 
BOSTON, MASS., U. S. A. 

Send for Illustrated Catalog No. 35. 



TRMITWINE'S CIVIL ENGINEERS 
POCKET BOOK. 

New (18th) Edition ; 

70th thousand ; 1902. 

370 pages of new matter. 

JOHN WILEY & SONS, 

43 East 19th St., New York. 



Patents, Trade Marks, 

COPYRIGHTS, etc., 

Address MUNN » CO., SffgSL 

Office of the Scientific American 
861 Broad way* New Vork. 

Branch Offic* ; 6S5 F St., Wuahlnffton, D.C. 

Hand-book Sent Free o n Application. 



"MISS SIMPLICITY" 




AH that the name implies. Sold under a guarantee 
that there is notaing HIGHER GRADE In either 
material, workmanship or equipment on the market. 
That it will run perfectly and continue so. 
2 H. P.. $120 3% H. P., f 155 S}4 H. P., $200 

[mmf><ti;itf> deliveries. Circular giving full description 
for the asking. 

ST. JOSEPH MOTOR CO., ST. JOSEPH, MICH. 



Marine Iron Works. Chicago. Catalogue free. 

Inquiry No, 3505.— For manufacturers of flash or 
search lights. 

AUTOS.— Duryea Power Co., Keadtnir, Pa. 

Inquiry No. 3506.— For manufacturers of poods 
for the mail order business. 

For logging engines. J. S. Mundy, Newark, N. J. 

Inquiry No. 3507.— For makers of automatic tin 
type out ton machines. 

" U. S." Metal Polish. Indianapolis. Samples free. 

Inquiry No. 3508.— For makers of glass jars, etc., 
for bottling honey. 

Dies, tools, models. Am. Hardware Co,, Ottawa, 111. 

Inquiry No. 3509.— For printers of labels and 
manufacturers of machinery for making bee hives. 

Dies, stampings, specialties. L. B. Baker Mfg. Co., 
Racine, Wis. 

Inquiry No. 3510.— For manufacturers of bri- 
quette machines. 

Sawmill machinery and outfits manufactured by the 
Lane Mfg. Co.. Box 13, Montpeller, Vt. 

Inquiry No. 3511.— For machinery and supplies 
for a canning factory. ' 

Let me Bell your patent. I have buyers waiting. 
Charles A. Scott, Granite Building, Rochester, N. Y. 

Inquiry No. 3514.— For makers of portable 
houses. 

Machine Work of every description. Jobbing and re- 
pairing. The Garvin Machine Co., 140 Varick, cor. 
Spring StB., N. Y. 

Inquiry No. 3513*— For complete sawmill outfit. 
engine and boiler about 20 horse power. 

Manufacturers of patent articles, dies, stamping 
tools, light machinery. Quadriga Manufacturing Com- 
pany, 18 South Canal Street, Chicago. 

Inquiry No- 3514.— For knives for cutting several 
thicknesses of material at once. 

Fob Salk.— Patent on cheap contrivance that Ib 
indispensable In every store. Certain to sell quickly. 
A. L. & O. Sovcllus, Hancock, Mien 

Inquiry No. 3515.— For machines for cutting and 
making small bays by power. 

The largest manufacturer In the world of merry-go- 
rounds, shooting galleries and hand organs. For prices 
and terms write to V. VV. Parker, Abilene, Kan. 

Inquiry No. 3516.— For makers of fancy handles 
and oilier articles of Cocobolo and other fancy woods. 

WANTED.— Manufacturers of toy hardware to manu- 
facture small kitchen tool. Large quantities wanted 
or on royalty. John Cooper, Mt. Vernon, Ohio. 

Inquiry No, 351*7.— For makers of woodturntng 
lathes- 

The celebrated ** Hornsby-Akroyd " Patent Safety Oil 
Kngine is built by the De La Vergne Refrigerating Ma- 
chine Company. Foot of East 138th Street, New York. 

Inquiry No. I151S.— For second-hand mil) machin- 
ery, such as pulleys, bangers, saws, etc. 

The best book for electricians and beginners in elec- 
tricity is " Experimental Science," by Geo. M. Hopkins. 
By mail, $5. Munn & Co., publishers. 361Broadway,N.Y. 

Inquiry No. 3519.— For makers of a disinfecting 
apparatus. 

Want a manufacturer of millinery goods to handle 
my patent, and manufacture a veil-clasp to wear on 
women's bats to catch ends of veil. Send for photo. 
Address Veil-clasp, 

1709 Arlington St., Philadelphia, Pa. 

Inquiry No. 3-V.iO.— For makers of wood bases as 
are used In construction of small motors, telegraph 
relays, etc. 

A manufacturer In the United States or Canada want- 
ing a patent article of merit to manufacture and place 
on the market and pay a royalty, and is prepared to do 
a big business, will do well to write for circular and full 
particulars. It Is made of large wire. Address 
J. G. Cofman, 

Comptche, Mendocino Co., Cal. 

Inquiry No. 352 1.— For a small steam boiler for 
heating & residence. 

ZW~ Send for new and complete catalogue of Scientific 
and other Books for sale by Mann & Co., 381 Broadway, 
New York. Free on application. 

Inquiry No. 3*VS2.— For machinery for pressing 
peat to be used as fuel. 

Inquiry No. 3523.— For makers of small wooden 
boxes lor sending samples of liquids by mail. 

Inquiry No. 3534,— For makers of very small 
bottles. 

Inquiry No, 3525, — For machinery for making 
crates, etc., for packing peaches and other fruits. 

Inquiry No. 3526.— For dealers in trimmings for 
tinware. 

Inquiry No. 352'7.— For the address of the King 
Collar-button Co. 

Inquiry No. 35*28.— For manufacturers of paints, 
oils, varnishes, putty, etc. 

Inquiry No. 3520. — For dealers in all kinds of 
sewing machine attachments. 

Inquiry No. 3530. — For a gigeto be put on shears 
for cutting ruffles and bias edges. 

Inquiry No- 35.11 . -For a svstem of gasoline light- 
ing by which the gas is conveyed to the lamp by a cop- 
per tube like electric light wire. 

Inquiry No, 3-532.— For makers of presses for 
making trade checks and milling machines for the 
saws. 

Inquiry No, 3533,— For makers of tiny trans- 
parent photographs, such .is are placed in the rivet of a 
knife. 

Inquiry No. 3534.- For the builders of the boat 
called the " Bicycle Swan.'? 

Inquiry No. 3535.— For makers of toothpick ma- 
chinery. 

Inquiry No. 3536, — For makers of mot. .3, etc., 
for railway work. 

Inquiry No. 3537.— For manufacturers of ma- 
chinery for winnowing and shelling rice, oil a small 1 Goodwin Car being discharged by one man on 
scale "t same instant, by aid til compressed i 
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Present 

till Water at the Base of an 
Adirondack Tlume 

Au Incomparably beautiful Photo of Nature's most 
lovely spot. Mounted for framing, 11x14 inches. 

ONLY ONE DOLLAR 

6. A. P. BOWMAN, 821. PITTSBURGH, PA. 



JUST PUBLISHE D 

Practical Pointers 
For Patentees 

Containing Valuable Information and Advice on 

THE SALE OF PATENTS. 

An Elucidation of the Best Methods Employed by the 

Most Successful Inventors in Handling Their Inventions. 

By F. A. CUESEE, M. E. 

144 Paves. Cloth. Price, #1.00. 

THIS is the most practical, up tr.-ilnte book pub- 
lished In tht' interest of Patentees, setting forth 
the best methods employed by the most success- 
ful Inventor* in handling their patents. It is 
w ritteii expressly for Patentees by a practical 
inventor, anil is hnseil upon the experience of 
some of the most successful Inventors of the day. 

It gives exactly that information and advice about 
handling patents that should be possessed by every In. 
ventor who would achieve success by his ingenuity, and 
will save the cost of many expensive experiments as 
well as much valuable time In realizing from your in- 
ventions. It contains no advertisements of any descrip- 
tion and Is published in the interests of the Patentee 
alone, and Its only object Is to give him such practical 
Information end advice as will enable him to intelligent- 
ly handle his patent successfully, economically and 
profitably. 

It gives a vast amount of valuable information along 
this line that can only be acquired by long, expensive 
experience in realizing from the monopoly afforded by a 
patent. 

fir 1 Send Jar Descriptive Circular. 

MUNN St. CO., 

Publishers, 36 1 Broadway, New York. 




Mi~* |J ST^ ST^ A copy of ou 

J. *V_ X-/ J— /Pocket Catalog 

showing the finest line of 

BREAST AND 
HAND DRILLS 

IN THE WORLD 
Send for ■ Copy. 

GOODELL-PRATT 
COMPANY, 

Greenfield, mass., U. S. A. 
P. 0. Box L. 



D. Van Nostrand Company 

design issuing the new edition of their complete 

Catalogue of Scientific Books 

in section", of which Parts 1, 2, 3, are now ready. 
Others are in preparation 

Part 1— Steam and Mechanical Engineering, 
96 pp. 

Part 2— Electricity and Magnetism. 9ti pp. 

Part 3— Chemical and Physical Science. 112 pp. 

D. VAN NOSTRAND COMPANY 

Publishers and Booksellers 

23 Murray and 27 Warren Streets, New York 

t^Sent gratis on application 




TUMBLER 

and 
Tooth -Brush 

Holder 
Nickel Plated 

Price each, $2 

Burglar-Proof Sasrt Cocks 

Permits Ventilation. Price per d'tz., %>Z 

Mf rs of Ga.s ai>d Electric Kixtures 

J. L. OCriNfiCB & CO., 

16 N. Canal St.. CHICAGO, ILL. 





Dyke's No. I. Auto Pump 

Full Brass Guaranteed, $3.00 

Dyke's No. 2 Repairman 

Pump $10.00 
FINEST PUMPS IN THE WORLD. 

A. L. DykeMfr., 1402 Pine St. 
St. Louis, Mo. 

Send stamp for Catalog. 




GOODWIN 




CAR. CO.. 

Address all communications to the New York Office. 



96 
115 



Fifth Avenue. NEW YORK. 
Desvrborn Street, CHICAGO. 



both 
11 ir. 



Controlling and Operating Patents for Dumping Cars, 
VESSELS, WAGONS, BARGES, BINS, TRESTLES 
CHUTES, and the like. 

The Goodwin Coo-. 

Steel construction combined with malleable iron, es- 
pecially adapted for discharging Ore. Coke, coal . Gravel, 
Large Rock, Broken Stone, Pig Iron. Castings. Ma- 
chinery, Loose Grain, Steel Billets, Tin Plate Bars, Kail 
Ends, Hot Cinders, and many other similar materials, by 
the gravity of the load ALONE WITHOUT CAREEN- 
ING THE CAR BODY. Cars leased only. 

Standard R.unr\ing Gear. 

Weight Capacity. 80.000 lbs. Level Load, 33 Cubic Yards, 
with Coke Rack, (H Cubic Yards, with Covered Top, 85 
Cubic Yards. 
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The National Automatic Needle Co. 

commenced actual business in June, 1902, 
by the distribution of a few thousand gross 
of its Self-threading Sewing Machine Nee- 
dles. There was otherwise no advertising, 
no agencies. The news spread like wild- 
fire. Those who tried them speak about 
the comfort, labor-saving qualities, and of 
the strength being equal to that of any 
other needle. The result is, as shown by 
the examination made by the noted char- 
tered accountants, Messrs. Harrow, Wade, 
Guthrie & Company, bona fide orders are 
on the books of the Company amounting to 
73. ol 9 gross, amounting to §321,895, or an 
average of S4.40 per gross, which will leave 
a profit of S2.74 per gross or a little over 
S200.000, when these orders are all delivered 
and settlements made. 

This amount of business covers a period 
of about five months' operations and will 
net about 60 per cent, per annum on the 
entire capital stock of $1 ,000,000. 

With a sale of only 1,000,000 gross out of 
the 67,000,000 sold annually in the United 
States alone, there would be a profit amount- 
ing to about S2,ooo,ooo after leaving $75,000 
in the treasury for operating expenses. 

The factories of Troy, New York, alone 
consume 1,800,000 needles per annum, and 
Troy is only one of the hundreds of Ameri- 
can towns and cities -whose chief industry 
consists of the working of fabric materials. 

The needle manufactured bv this Com- 
pan y va a great improvement over the old- 
style needle in that it is Self-threading ; 
that is to say it can be threaded instantly 
in the dark or with the eyes shut if desired. 

Hear in mind that we do not come to the 
public with an untried experiment. Our 
Self-threading Needle has been under actual 
test for months past, both in private homes 
and in large manufacturing plants ; the tes- 
timonial and congratulatory letters with 
which our office has been flooded as a result 
of these tests, demonstrates the popularity 
of the needle and the demand is constantly 
increasing. 

We have contracted for 200,000 gross of 
needles to be manufactured abroad at a price 
which warrants us in having the needles 
made in that countrv even though we pay 
duty. 

We only desire to sell enough stock to 
get the necessary capital to build a factory 
and equip it with the proper machinery. 
We now are offering a block of the treasury 
stock, full paid and non-assessable, for 
$10.00 a share. Within thirty days it will 
advance to 812.50 per share. 

Write us foi further particulars. 
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The following are a few letters of com. 
mertdatlon, among the many we have re- 
oelved. The originals can be seen .a.t any 
time in our office: 

White Plains, N. y., Oct. 17, 1902. 
National Automatic Needle Co.: 

To Whom it May Concern — The Automatic Needle 
has been used in my house for about two months 
and is fouml all that they are represented to be. easy 
to thread and very convenient in all ways and stand 
the work as well as any needle that has been used 
on my machine before. I have as yet my fi rst needle 
to break. Yours respectfully, 

Mrs. E. F. Doepel. 



The National Automatic Needle Company 

Organized under the Laws of the State of New York 

CAPITAL 

$1,000,000. In 100,000 shares of $10.00 each. 

FULL PAID AND NON-ASSESSABLE. 



Denton, Texas, Oct. 19, 1902. 
National Automatic Needle Co.: 

Dear Sirs -The Self -Threading Sewing Machine 
Needle is one of the greatest inventions of the age. 
It is destined to come in general use in every family. 
Yours very truly, 

V. A. Ponder. 



Office of Whitk Sewing Machine Co., 

Boston, Mass., Oct. _», 1902. 
National Automatic Needle Co., 

150 Nassau Street, New York, N. Y.: 
Gentlemen— I have been trying your Self-Thread- 
ing Needle in our "White" Sewing Machine and 
find them very satisfactory indeed, and have quite a 
demand for a self-threading needle. 

Have you appointed a New England agent ? What 
offer can you make us to handle them exclusively ? 
Ad early reply will oblige, 

Yours very truly, 

J. E. Willis, Manager, 

White Sewing Machine Co. 



White Plains, N . Y. , Oct. is, 1902. 
National Automatic Needle Co.: 

Gentlemen— Having witnessed the working of 
your Self-Threading Sewing Machine Needle on 
Several occasions, and the severe test it was put to. 
upon the finest silk fabrics and the coarsest woolen 
goods, also its sewing through 16 and 32 thicknesses 
of sheeting cloth, I am glad to say that its durability 
and practical usefulness has certainly been demon- 
strated to my satisfaction, and I am more than 
pleased to be a small stockholder in your company. 
Very sincerely yours, 

W. P. Maynarh. 



An American Encyclopedia for American Readers 

A NEW CENTURY demands a new ENCYCLOPE- 
DIA. As time advances, knowledge increases. 
To sum up that knowledge a new Encyclopedia is 
required. 

As President Eliot of Harvard says, " The world has been made over since 
1S50." But the greatest advancement has been in the past 15 years; with the 
marvelous growth of human knowledge in these recent times, the possession of 
a thoroughly up-to-date Encyclopedia becomes an absolute necessity. Such a 
work is now offered in the new 

Encyclopedia Americana 

Produced under the skilled editorship of FREDERICK CONVERSE BEACH. 
Editor of The Scientific American, assisted by nearly 300 eminent specialists. 
The Encyclopedia Americana is designed to be for Americans what the Ency- 
clopedia Britannica is for the British people. 

It is the one distinctively American Encyclopedia. While universal in its 
scope, covering the entire field of human knowledge and investigation, the : 
special aim has been to do such full justice to American subjects as to make it 
the standard Encyclopedia for American homes. 

It is' absolutely the latest, the most complete, the best. 
It is up-to-date, authoritative and superbly illustrated. 
New Text, New Type, New Maps, New Illustrations. 
Every article is new, fresh and readable. 
This Great Work has received contributions from eminent authorities from 
the Universities and Colleges, from the Government Departments at Wash- 
ington, and from practical experts standing in the front rank in the partic- 
k ular fields of knowledge which they cultivate. 
^W TERMS OF ISSUE .-The ENCYCLOPEDIA AMERICANA is is- 
sued to subscribers only. A great undertaking of the kind must 
A"^. have the cordial support of all Americans, to secure which the 
scien- ,s * "^k. Publishers do not hesitate to approach them directly. They 
tificAme- ^^S%k offer a work of the highest authority, abreast of modern 
r!o a "th C1 A«.. ^&>%k times, embodying the results of recent learning, discov- 
New York. ^^.'<£^. Prv , sc i e ntific and artistic achievement, and at less 



.... WOW READY 



Twenty-Third Edition 

Experimental 
Science 



v« >« BY -« -« 
George M. Hopkins 



Revised and Greatly Enlarged. 

2 Octavo Volumes. 

1,100 Pages. 900 Illustrations. 

Cloth Bound, Postpaid, $5.00. 

Half Morocco, Postpaid, 7.00. 

Or Volumes Sold Separately: 

Cloth, $3.00 per Volume. 
Half Morocco, $4.00 per Volume. 



Gentlemen : 

Please send me 
full particulars of 
your Amerlc&nai, 
and the details of your 
special offer to members 
of the Scientific American 
Club. 



NAME. 



ery, 



ADDRESS. 



price than works of Inferior value. 

Complete in 16 Superb Roya.1 
Octavo Volumes 

Fill out the Coupon or write to 

Scientific American Club, 

170 5th Ave., X. V. 






EXPERIMENTAL SCIENCE is so well known to many of our 
readers that it is hardly necessary now to give a description of 
this work. Mr. Hopkins decided some months ago that it would 
be necessary to prepare a new edition of this work in order that 
the many wonderful discoveries of modern times might be fully 
described in its pages. Since the last edition was published, wonderful 
developments in wireless telegraphy, for example, have been made. It 
was necessary therefore, that a good deal of new matter should be 
added to the work in order to make it thoroughly up-to-date, and with 
this object in view some 200 pages have been added. On account of the 
increased size of the work it has been necessary to divide it into two 
volumes, handsomely bound in buckram. It may be interesting to note 
the following additions that have been made to these volumes : 

Volume I contains in addition to a large number of simple, well 
illustrated experiments, a full description of 1 K H. P. electric motor 
made expressly for illustration in this edition of Experimental 
Science." It is an enclosed self-regclating electric motor tor a 
no volt circuit. It can be operated by a current from a no volt lamp- 
socket, yielding a full Y H. P.. or it may be used as a dynamo, lurnisn- 
ing a current capable of operating three i6-candle power, no ™«- ™£ a "- 
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